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ABSTRACT
Vegetal remains from radiocarbon-dated ancient packrat middens were used to 
develop an early and middle Holocene paleoclimate sequence from the Mojave Desert. 
Identified species from both modem and ancient middens were tabulated by elevation 
range based on modem analogs to estimate the modem equivalent of the elevations of 
ancient middens. Differences of these reconstructed vegetation elevations relative to 
modem elevations of vegetation are ordered chronologically, after correction for 
modem midden data, creating a paleoclimate reconstruction. The reliably-dated 
history of human occupation at four sites on Fort Irwin in the Mojave desert are 
compared with the paleoclimate reconstruction for an evaluation of corresponding 
trends. Relative percentages of dietary resources (large mammals, small mammals, 
reptiles, and mussels), and artifact categories (projectile points, biface, uniface and 
millingstone tools) are compared with the paleoclimate record. Corresponding trends 
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Human adaptation to the changing climate of the southwestern United States 
during the early and middle Holocene has been a topic of much interest to 
archaeologists. A better understanding of the climatic changes during this period can 
improve our understanding and interpretation of human behavioral adaptation recorded 
by cultural evidence.
The initial recognition of early to middle Holocene Mojave Desert human 
occupation, known as the Lake Mojave/Pinto Sequence (Warren n.d.), stems from 
observations of artifacts around Pleistocene Lake Mojave by Elizabeth Campbell and 
C. A. Amsden (Campbell et at. 1937). Campbell estimated the age of the sites, located 
around high beach lines as contemporary with high lake stands. Rogers (1939), a 
strong opponent to her ’outrageous’ views felt the sites were ca. 4,000 years old. His 
views were supported by most archaeologists in the early half of this century. It wasn't 
until in the 1950’s that Rogers’ work was seriously questioned (Brainard 1953), and it 
was the 1970’s before Campbell’s work was accurately assessed and accepted (Ore 
and Warren 1971, Warren and Ore 1978).
Controversy regarding the nature of the Lake Mojave/Pinto sequence remains 
today. Mark Basgall and M. C. Hall claim that this sequence represents human 
occupation in an increasingly arid yet fairly unchanging desert environment that is very
2like the modem day arid climate in the Mojave Desert. As stated in the Awl site 
excavation report (1992a: 93)
paleoenviromental data for the general SBR-4562 locality and 
surrounding desert regions support the conclusion that a desert 
landscape of one kind or another has prevailed in the Fort Irwin area 
since initial human occupation at or soon after the end of the
Pleistocene Except for perhaps more frequent episodic lake
formation in Drinkwater and adjacent basins, and possibly slightly 
greater spring densities across the vicinity, hydrologic parameters during 
the early Holocene were probably not drastically different from those of 
today and essentially modem conditions had likely developed by ca.
7500 B. P. with few subsequent, minor reversals.
Support for their model is found in the interpretation of a regional Holocene climate 
study by COHMAP (1989) indicating that early and middle Holocene climate in the U.S. 
southwest was uniformly arid.
The Cooperative Holocene Mapping Project (COHMAP, 1989) study of regional 
climate during the Holocene describes the U.S. southwest region as arid from about
10,000 to 4,000 years ago, using world-wide and regionally based data spanning the 
last 18,000 years. In this model variation in the elements of the earth’s attitude toward 
the sun caused changes in insolation that resulted in dry arid conditions for the 
western region of North America at this time. Increments of several thousand years 
are used in this (COHMAP) general climate model, a scale too broad for the 
assessment of culture-climate relationships in the early and middle Holocene cultural 
changes.
3Basgall and Hall also infer that there are minimal faunal changes within this
timeframe (1992a-25)
Archaeofaunal assemblages from the scores of investigated prehistoric 
archaeological sites in the Fort Irwin vicinity indicate that, excepting 
possible, but minor biogeographic adjustments, the fauna around the 
installation today has remained largely unchanged over the entire 
Holocene and depauperate relative to surrounding desert regions.
This view of minimal change in faunal remains is expanded in a short essay published 
in the Society for California Archaeology newsletter (1992b: 1-7). Basgall and Hall 
infer that the lack of environmental change precludes environmental change as a 
significant determinant in cultural changes in the prehistory of the early and middle 
Holocene
The apparent absence of major, correlative changes in biotic 
circumstances and human behavior thus provides strong reason to 
explore less deterministic explanations of the basic culture-environment 
equation in Mojave Desert prehistory.
In contrast, Warren (n.d., Warren 1986) interprets human artifact evidence from 
this time period in the Fort Irwin area as indicating cultures experiencing a dynamic 
adaptive process driven by the retention of their focus on artiodactyl hunting despite 
decreasing large mammal populations in the region. Refinement of our understanding 
of the early and middle Holocene climate history of this area aids in evaluating these 
alternate hypotheses. In this thesis I will present packrat midden data that will 
represent early and middle Holocene environmental changes which will allow a direct 
comparison of climate fluctuations to changing cultural assemblages in the Mojave
Desert. It will be shown that changes in the environment were present during the 
early and middle Holocene and that changes in some artifact types correspond to the 
changes in environment. This indicates that theories of human adaptation during the 
early and middle Holocene must consider the correlation of changes in environment 
with changes in culture.
Cultural data used here are derived from four reliably dated sites in the Fort 
Irwin area of the Mojave Desert that provide a sequence of early and middle Holocene 
human occupation. The archaeological sites, centrally located in the packrat midden 
study area, provide a chronological unit similar to that of the packrat midden data. For 
comparative purposes the fauna from the archaeological sites are divided into 1) large 
mammals, 2) small and medium mammals, 3) reptiles and 4) fresh water mussels.
The artifacts used in this analysis are tools categorized as 1) projectile points, 2) 
biface, 3) uniface and 4) millingstone. Changes in these cultural data are projected 
against changes in climate as indicated by packrat midden data.
In this thesis an early and middle Holocene environmental chronology is 
developed that is more fine-grained and precise than that developed by COHMAP 
(1989). This is accomplished by analysis of vegetal material contained in the packrat 
middens dated by radiocarbon. By using the climatic changes derived from the 
packrat middens and the chronological units recognized in archaeological sites, a 
chronological correspondence between changes in climate and changes in tools and 
archaeofaunal assemblages can be shown. Although not a cause-effect relationship, it 
is clear that evaluation of existing theories of cultural adaptation must take into 
consideration these relationships.
CHAPTER 2
CHRONOLOGY AND CULTURAL DATA
Archaeological Sites and Chronology
In the central region of the Mojave Desert cultural remains have been 
excavated at sites in the Fort Irwin area. Four of these sites which fall chronologically 
within the early and middle Holocene time period (Table 1) were selected because they 
contain 1) Lake Mojave and/or Pinto cultural assemblages, 2) have reliable 
radiocarbon dates associated with the strata, artifacts and faunal remains, 3) yielded 
artifacts and faunal remains dated at approximately 1000 year intervals within the 
period of paleoenvironmental reconstruction developed for this study.
The Awl site, SBR-4562, (Jenkins et al. 1986, Basgall and Hall 1992) is located 
in the northern part of Fort Irwin, at ca. 1000 m elevation, on an alluvial slope in 
Drinkwater Basin between the Avawitz range and the Granite Mountains where 
elevations reach 1615 m. Two radiocarbon dates, 9470 + 115 and 9410 + 115 were 
obtained from Locus A units (Basgall and Hall 1992: 76 - 79). These dates are from 
the lower level of the excavation in what Basgall and Hall (1992: 76-79) call the Lake 
Mojave /Pinto Mixed strata. Artifacts from only this strata are used in this study.
Faunal remain counts used for this site are from Basgall and Hall (1992a: 91) and from 
the earlier excavation by Jenkins et al. (1986), as reported by Douglas et al. (1988: 
138). Most associated artifacts were found above the dated material and were
5
Table 1: Site data for 4 early and middle Holocene dated archaeological
sites located on the National Training Center, Fort Irwin, California.










Locus A & D Comp.#2
Radiocarbon date 9470+/-115 8410+/-210 7191+-290
Years BP 9410+/-115 to 7450+-280
7910 +/-420
1kyr group 9 .5 -9kya  8 .5 -8kya  7.5 -7kya
Reference Douglas 














Locus A & C
6640+/-65
6.5 - 6 kya 
Hall (1992)
probably deposited sometime after 9,500 years ago. Therefore, this component of the
Awl site is placed in the 500 year period between 9,500 and 9,000 years ago.
The Rogers Ridge site, SBR-5250 (Jenkins 1991), elevation 430 m, is located 
at the base of a 17 m high basalt ridge surrounded by desert playa in Teifort Basin. 
Teifort Mountain, elevation 1537 m, is to the north and eastward are the Soda 
Mountains, elevation 981 m. Two radiocarbon dates, 8410 + 210 and 7,910 + 420 
were obtained from carbon deposits in the Silver Lake locus, locus D, and three 
radiocarbon dates, 8,180 + 150, 8,300 + 110 and 8,410 + 140 were obtained from the 
Spring locus, locus A (Jenkins 1985). The site is placed in the 500 year period 
between 8,500 and 8,000 years ago on the basis of these five dates. Artifacts 
excavated (Jenkins 1985: 139, Douglas et al 1988:138 ) from both loci are used in this 
study.
The Henwood site, SBR-4966, Component 2 (Warren 1986) is located on 
Nelson Wash in the central part of Fort Irwin and has an elevation of 850 m. 
Component 2 is a part of a complex site, SBR 4966, located at the convergence of 
Nelson Wash and a small tributary near the base of small granitic hills nearby. The 
cultural material from the Henwood site (Warren 1991, Douglas 1988: 138), 
considered in this report is from a small subsurface component. This Component 2 is 
placed chronologically by two radiocarbon dates, 7449 + 280 and 7191 + 290, obtained 
from Features #10 and #21 and is placed between 7,500 and 7,000 years ago. This 
component is only one of ten occupational loci of this site. However, none of the other 
loci meet the dating criteria established for this study.
The youngest of the four sites considered here is the Flood Pond site, SBR- 
5251, (Hall 1992) located in Teifort Basin. It is located in an area of an eolian
sediment built dune in Teifort Wash at an elevation of 435 m. Locus A contained 
charcoal from a hearth giving a radiocarbon date of 6,640+ 65 years ago and obsidian 
hydration dates from locus C were consistent with those from locus A. Therefore 
artifact and faunal counts for this site (Hall 1991: 137, 156 ) include remains from both 
loci. Since much of the cultural remains were found above the dated material, the site 
is dated between 6,500 and 6,000 years ago.
Faunal Remain Category 
Faunal remains are divided into four major categories 1) Large mammal, 2) 
Small and Medium Mammal (with Lagomorph amount indicated), 3) Reptile (with 
tortoise amount indicated) and 4) Anadonta as well as Other (Table 2). The percent of 
each faunal type, based on total faunal element count at each site, was determined. 
Table 3 gives the percentages for each faunal category and total element count in 
each site. These categories include the three main meat resources for early and 
middle Holocene Mojave Desert people: Artiodactyl, Lagomorph, and Reptile 
(especially tortoise). Anadonta is found only at the Flood Pond site, but its inclusion is 
important since 54% of all faunal elements at this site are Anadonta. The ’other’ 
category consists of elements too broadly defined for the purposes of this study. For 
example, the counts under the category ’mammals’, ’small vertebrates’ or ’birds' 
(found in small amounts) were placed in the ’other’ category.
All faunal categories except Anadonta are found in the four sites of this study. 
Small mammal category appears to be consistently important in the faunal remains 
throughout the early Holocene and into the middle Holocene. However, each 1000 
year time period has a dominant type of faunal remain 1) large mammal at 9,500 to
9,000 years ago, 2) small mammal at 8,500 to 8,000 years ago, 3) reptile at 7,500 to
9Table 2: Percent abundance of Faunal Remain Categories from four early and
middle Holocene archaeological sites located on the National Training
Center, Fort Irwin, California.

























1 k yr group 9.5 - 9 kya 8.5 - 8 kya 7.5 - 7 kya 6.5 - 6 kya
Reference Douglas Douglas Douglas Hall (1992)
et al. (1988) et al. (1988) et al. (1988)
Basgall and 
Hall (1992)
Large Mammal 28% 3% 0% 3%
Small to Medium 
Mammal 69% 63% 29% 19%
Lagomorph only 7% 10% 30% 13%
Reptile 0% 2% 66% 2%
Tortoise 0% 97% 0%
Anadonta 0% 0% 0% 54%
Other 0% 14% 1% 24%
Total 100% 100% 100% 100%
Total Faunal 4810 2028 674 2430
Table 3: Varying Faunal Remain Categories used in tool identification classifi­
cation at 4 archaeological sites located on the National Training Center,
Fort Irwin, California.
Site Awl Site Teifort Basin Nelson Wash
SBR-4562 4-SBR-5250 4-SBR-4966
Reference Douglas Douglas Douglas
et al. (1988) et al.(1988) et al. (1988)
Basgall and 
Hall (1992)




Artiodactyla x x X X
SM. - MED. MAMMAL
Medium mammal x X
Small mammal x X
Rodentia/Lagomorpha x x X
Lagomorpha x X
Lepus x X X X
Sylvilagus x X X
Rodentia x X X X
Ammospremophil us X X
leucurus
Dipodymys x X X
Neotoma x X X
Onychomys X
















KEY: x = listed and present in site publication
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7,000 years ago and 4) Anadonta shell at 6,500 to 6,000 years ago.
Tool Categories
At each of the sites four tool categories, chosen because of their presumed 
functions, are tabulated with their corresponding percent of the assemblage (Table 4). 
They include 1) Projectile points, 2) Biface, 3) Uniface, 4) Millingstone as well as 
Other. Projectile points found at a given site may include one or more types such as 
Lake Mojave, Silver Lake and Pinto. The wide stem of these points indicates they 
were halted to a shaft of large diameter, suggesting they were spear or dart points. 
These are interpreted to have been used in large game hunting, because such a large 
implement is difficult to use on small animals such as a rabbit. Biface tool types at 
the Fort Irwin sites are generally large in size and fine grained volcanic material is 
preferred (except at the later Pinto site, Flood Pond). The “preference” is typical of the 
Lake Mojave-Pinto Cultural Sequence. These tools are thought to have been used 
mainly as cores for the making of casual flake tools, or preforms for projectile points. 
Uniface tool types include both casual flake and formal flake, (with a planned 
morphology). The latter includes types such as large domed scrapers made of 
cryptocrystalline material, a toolstone typically used in manufacture of uniface tools 
during the Lake Mojave Pinto Sequence. Millingstones are thought to have been used 
predominantly for seed grinding but also for processing of small mammals and grinding 
pigments. This tool assemblage consists of two pieces: 1) millingstone slab or block 
netherstone and 2) hand held "manos" or handstones. The two pieces were used 
together and could represent one tool therefore only the amount given for the slab 
and/or block netherstone is used. Table 5 lists all tool types described and the 
presence or absence of that category at each excavation.
Table 4: Percent abundance of Tool Type Categories from four early and middle













Awl Site Roger's Ridge Henwood Flood Pond
SBR-4562 4-SBR-5250 4-SBR-4966 CA-SBR-5251
Drinkwater
Basin
Teifort Basin Nelson Wash Teifort Basin
Locus A 
A/A3,4,5,6









9.5 - 9 kya 8.5 - 8 kya 7.5 - 7 kya 6.5 - 6 kya
Basgall and 
Hall (1992)
Jenkins (1991) Warren (1991) Hall (1992)
12% 11% 0% 2%
27% 47% 70% 23%
43% 25% 17% 25%
7% 7% 1% 42%
11% 10% 12% 8%
100% 100% 100% 100%
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Table 5: Varying Tool Type Categories used in tool identification classifi­
cation at 4 archaeological sites located on the National Training 
Center,Fort Irwin, California.








Reference Basgall and 
Hall (1992)
Jenkins (1991 ) Warren (1991) Hall (1992)
TOOL TYPE
Projectile Point X X * X
Biface X X * X
Uniface X * X
Casual flake X X
Formal flake X X






Core X X X
Core Tool X
Drill
KEY: x = listed and present in site publication
* category includes subcategories of various types and morphological aspects.
CHAPTER 3
PACKRAT MIDDEN EVALUATION
The Nature of Packrat Middens
For the past 40,000 years or more throughout the Mojave Desert, the pack rat, 
Neotoma spp., has collected vegetation and other items such as bone, rocks, and fecal 
material within about 30 m of its nest and stored these items in its nest, creating a 
midden. These solitary dwellers often build their nests in rocky niches or cavelike 
areas that are protected from harsh environmental influences. The nests can consist 
of several chambers filled with collected debris. The rodents, no bigger than a 
common rat, utilize the collected items for food when conditions for foraging are not 
optimal, and for nesting material, disguise and protection of the nest. The packrats 
urinate on the collected items which creates a hardened material called amberat that 
encases the collected materials and preserves them. Over time, thick layers of midden 
saturated with amberat can build up within a nest creating slabs or strata that can be 
distinguished from later or earlier strata by intercalated weathering rinds, and the 
distinctly different coloration (Finley 1990).
The plant macro fossils from midden samples are a valuable source of 
information for studies of paleoclimate. In the midden investigations cited in this study
14
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(Table 6) the organic material within the layered strata are extracted from the amberat 
for identification and may be dated by radiocarbon. The general process for macro 
fossil extraction that was used by the investigators includes several steps. First, the 
water-soluble amberat was dissolved leaving only the items previously encased, then 
the material was dried and sorted. The pieces of vegetation within the dated midden 
layers, typically twigs, leaves, stems and seeds, were identified to species and 
subspecies when possible. When the species was uncertain, genus or only familial 
classification was assigned. The quantity of each identified species within a layer was 
then determined using various methods. From this data, portions of the vegetative 
history of the midden’s locale was reconstructed.
Analytical Approach
For this study 42 early and middle Holocene midden sites located in the Mojave 
Desert were selected for analysis of early and middle Holocene vegetation and climate 
change (Table 6). Many of the middens yielded more than one radiocarbon-dated 
assemblage, and the total number of assemblages used in this study was 77, including 
10 modem middens. The Mojave Desert region includes midden sites from the Marble 
Mountains to Fort Irwin in the Southern Study Area, and sites ranging from the Sheep 
Range and Amargosa Desert to the Eleana Range in the Nevada Test Site in the 
Northern Study Area. Midden site elevations range from about 465 m to as high as 
1810 m. The radiocarbon dates for the ancient middens analyzed for this study range 
from 11,750 years ago to 3,750 years ago. During this period the peoples of Lake 
Mojave and Pinto periods populated the Mojave Desert region.
In this environmental analysis, the presence or absence of species in individual
Table 6: Location information and references for all midden sites used in this 
study.
Elevation (m) 
Midden sites above 36* latitude
Basin Canyon #2A 1630
Desert View 1810
Double Canyon #4 690
Eleana Range #2 1810
Eleana Range #3 1800
Eureka View #2 1465
Eureka View #4 1435
Eureka View #5 1430
Fortymile Canyon #10 1230
Horse Thief Hills #1 1615
Last Chance Range #1 960
Owl Canyon #3 790
Owl Canyon #2 800
Penthouse #1 1600
Penthouse #2 1580
Point of Rocks #1 900
Point of Rocks #2 930
Point of Rocks #3 910
Skeleton Hills #1 910
Skeleton Hills #2 940
Spector Range #1 1040
Spector Range #2 1190
Spector Range #3 1100
Striped Hills 1045
Willow Wash #2 1540
Willow Wash #4 1585
Midden sites below 36* latitude




Marble Mountains #2 465
Marble Mountains #4 885
Marble Mountains # 5 900
Marble Mountains #6 840
Marble Mountains #7 855
Marble Mountains #9 860
McCullough Range #3 1045
Nelson Basin #4 1010
No Name East A/Vest 1220
Sandy Valley #2 935
Sandy Valley #3 885
Sunset Cove 972
Latitude Longitude Reference
36*42'N 115*16'W Spaulding (1980)
36*38'N 115*02'W Spaulding (1980)
36*47'N 114*53'W Spaulding (1994)
37*07'N 116*14'W Spaulding (1985)
37*07'N 116*14'W Spaulding (1985)
37*20'N 117*47'W Spaulding (1980)
37*20'N 117*47‘W Spaulding (1980)
37*20'N 117*47'W Spaulding (1980)
36*57'N 116*23'W Spaulding (1994)
37*21'N 117*48‘W Spaulding (1980)
36*17'N 116*08'W Spaulding (1985)
36*24'N 116*14'W Spaulding (1985)
36*24'N 116*14'W Spaulding (1985)
36*28'N 115*15'W Spaulding (1980)
36*28'N 115*15'W Spaulding (1980)
36*34'N 116*05'W Spaulding (1985)
36*34'N 116*05'W Spaulding (1985)
36*34'N 116*05'W Spaulding (1985)
36*32'N 116*20'W Spaulding (1995a)
36*38'N 116*17‘W Spaulding (1995a)
36*39'N 116*05'W Spaulding (1985)
36*40'N 116*13'W Spaulding (1985)
36*41'N 116*12'W Spaulding (1985)
36*40'N 116*18W Spaulding (1995a)
36*28'N 115*15‘W Spaulding (1980)
36‘28'N 115*15'W Spaulding (1995a)
35*31'N 116*38'W Koehler etal (1994)
35*26'N 116*34'W Koehler etal (1994)
34*35'N 115*50W King (1976)
34*35'N 115*50W King (1976)
34*36'N 115*33'W Spaulding (1980)
34*43'N 115*39'W Spaulding (1980)
34*43'N 115*39'W Spaulding (1980)
34*42'N 115*40' W Spaulding (1980)
34*42'N 115*40'W Spaulding (1980)
34*42'N 115*40‘W Spaulding (1980)
35*45'N 115*10'W Spaulding (1990)
35*24'N 116*44'W Koehler etal (1994)
35*26'N 116*34'W Koehler etal (1994)
35*53'N 115*42'W Spaulding (1994)
35*53'N 115*42'W Spaulding (1994)
34*35'N 115*50 W King (1976)
middens were tabulated in Cumulative Distribution Charts (Appendix A, B and C). An 
example is presented in Figure 1. No quantification of a species relative abundance 
was used because (1), techniques for determining species abundance within ancient 
midden samples vary, and (2) the abundance of a plant species in a midden cannot be 
used to infer relative abundance in the environment at the time of collection (Spaulding 
et al., 1990) Therefore, this study used the presence or absence of each plant taxon 
within a midden sample and their present elevational ranges to reconstruct the 
paleoenvironment. Species presence for each midden sample was derived from the 
data listed in Table 6. Detailed plant species lists when not published, and addenda 
and corrigenda to the published data, were obtained from files maintained by W.G. 
Spaulding, Dames & Moore, Las Vegas.
It has been determined that the vegetation of the Southwest has not undergone 
significant genetic modification in the last 10,000 years (Van Devender and Spaulding 
1979). Migration has been the main adaptive strategy by which plant species have 
accommodated climatic fluctuations. Thus the climatic tolerances of post-Pleistocene 
vegetation are thought to be similar to those found in extant populations. Based on 
this premise, the environment of past periods can be inferred from paleovegetation 
data for a given elevation.
To reconstruct paleoclimate from the plant species recovered from ancient 
middens, the elevational distribution of the modem plant taxa is compared with the 
elevation of the ancient middens. Species elevations are determined from data 
collected by Beatley (1976) (Appendix D), for those middens located above 36°N 
latitude and from data collected by Thom, Prigge and Henrickson (1981) (Appendix E), 
for middens located below 36°N latitude. Occasional species not listed in Beatley
18
(1976) were determined from plant elevation data collected by DeDecker (1984).
Within both data sets certain elevation ranges were determined from Benson and 
Darrow (1985), Jepson (1981) or provided by Spaulding (pers. comm., 1995). These 
vegetation elevation range sources are well suited to accommodate the latitudinal and 
substrate constraints of each area.
If certain species identified in the packrat middens had no modern 
representative in the region they were represented in the charts without an elevation 
range. Some plant identifications were to genus only and for these cases, the 
elevational ranges of all species representing that genus in the region, according to 
Thom et al. (1981) or Beatley (1976) were combined to represent its elevational 
range. Familial epithets were omitted. In the elevation range sources used, certain 
species ranges were identified as ’above a certain elevation’ or ’below a certain 
elevation’ and the corresponding upper or lower limits are therefore undefined. In 
these cases the elevational range is depicted on the charts to the maximum of 3000 m 
for those ranges described as above a given elevation and as beginning at zero 
elevation for those ranges described only as below a given elevation. These elevation 
extremes do not influence the reconstruction elevation value for the site surveys or 
packrat middens that were evaluated.
A principle goal of this study is to determine the change that occurred in the 
plant community that surrounded the ancient packrat middens during the early and 
middle Holocene. This was accomplished by reconstructing the apparent elevation of 
the packrat midden from the present day elevational range of the plant species it 
contained, comprising the interval of maximum overlap of the species found in a 
packrat midden. This elevation is the apparent elevation and the difference between
19
this elevation and the actual elevation of the packrat midden represents the change in 
plant distribution between the date for the packrat midden and today (Figure 1). This 
method of analysis first suggested by Van Devender (1973) utilizes the elevation of 
modem plant species to establish the relative elevation change from modern elevation 
that is reflected by plant species in ancient middens. The reconstructed elevation is 
determined by the range of elevations that contain the largest number of species from 
the packrat midden (Figure 1). The elevation ranges for each species were rounded 
to 100 m increments. In the example of a Cumulative Distribution Chart (Figure 1), the 
presence of a species within a given 100 m elevational increment is represented by a 
solid dash within that 100 m range column.
The difference between the packrat midden site elevation and the reconstructed 
elevation is referred to as the relative elevation of vegetation as indicated in this 
formula:
relative elev. of vegetation = reconstructed elev. - packrat midden elev. 
Conversely:
elev. of vegetation = packrat midden elev. - reconstructed elev.
The relative elevation reflects the amount of change in elevation of plants, relative to 
modem elevation of these species for the period represented by the ancient packrat 
midden assemblages.
If the relative elevation value is positive it indicates an ancient plant community 
more mesic than that of the present and, therefore, increased effective moisture (EM) 
is inferred relative to the present and if the relative elevation value is negative, more 
xeric plant communities or lower EM than today is inferred. This analysis cannot 
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which could force an increase or decrease in aridity.
In the example for the No Name East packrat midden sample (Figure 1), the 
highest number of overlapping modem elevation ranges of the species occurs between 
elevations of 1200 m and 1500 m. The center point of this elevation 'plateau' is 
defined as the reconstructed elevation. This rule was followed for all packrat midden 
samples whether it was a several hundred meter plateau or 100 m plateau.
Testing the Approach - Modern Vegetation Data
To evaluate the reliability of using the largest number of overlapping elevation 
ranges of vegetation from ancient packrat middens to represent relative environmental 
change, data from surveys of existing vegetation of 24 packrat midden sites were 
collected (Appendix A). To emulate the collecting behavior of packrats, the vegetation 
survey data consisted of lists of plant species found within 30 to 50 m of the midden 
sites (Table 7). The elevation ranges of the species found within each vegetation 
survey were plotted on a Cumulative Vertical Distribution Chart and a reconstructed 
elevation was found (Table 7). The vegetation surveys in the Northern Study Area 
used Beatley's (1976) elevation ranges and those from the Southern Study Area 
vegetation surveys used the data of Thom et al. (1981).
As with the ancient midden data, the relative elevation value was determined 
by the difference between elevation of the vegetation survey site and the reconstructed 
elevation based on vegetation derived from that site. The mean of the relative 
elevation values for 24 vegetation surveys was 151 m (Table 7).
As a secondary evaluation of the reliability of this midden analysis method, the 
relative elevation values for 10 modem packrat middens (Appendix B) was determined
22
Table 7: Tabulation of site elevations and reconstruction elevations from vegetation
surveys. Vegetation surveys entail listing all species within a 30 - 50 meter 
radius of the midden site to emulate packrat collecting behavior.
Recon- Relative Mean of
VEGETATION SURVEY Site struction Elevation of Relative
Elevation Elevation Vegetation Elevation
(m) (m) (m) Values
Basin Canyon #2 1630 1450 -180
Desert View 1810 1600 -210
Double Canyon #1 660 1250 590
Eleana Range #2 1810 1650 -160
Eleana Range #3 1810 1750 -60
Fortymile Canyon #10 1230 1550 320
Last Chance Range #1 960 1050 90
Lucerne Peak 1097 1150 53
Lucerne Valley 1006 1150 144
Marble Mountain #2 465 1050 585
Marble Mountain #5 900 1100 200
Owl Canyon # 2 800 1350 550
Owl Canyon #3 790 1350 560
Penthouse #2 1600 1350 -250
Point of Rocks #1 900 1150 250
Point of Rocks #2 930 1050 120
Point of Rocks #3 910 1250 340
Sandy Valley #2 935 1100 165
Sandy Valley #3 885 1050 165
Spector Range #1 1040 1250 210
Spector Range #2 1190 1350 160
Spector Range #3 1100 1250 150
Sunset Cove 972 1050 78
Willow Wash #2A 1540 1300 -240
151
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by using the same method as for the ancient packrat middens and the vegetation 
survey sites (Table 8). The mean relative elevation of the 10 modem packrat middens 
was 150 m.
One would predict that elevation ranges of modem vegetation would most 
frequently overlap at the measured elevation of the modern packrat midden to produce 
a relative elevation value of zero. However, this is not the case, possibly due to 
variables such as aspect and substrate. The differences of aspect and substrate in 
packrat midden site locations can cause a bias of interpretation of site specific packrat 
midden analysis. The method of analysis presented here uses the mean value of 
many packrat midden sites thus diminishing any site specific skew of the data. 
Nevertheless, both the modem vegetation survey and modem packrat midden 
elevation reflect a reconstructed elevation value that is about 150 m higher than actual 
site elevation. Therefore, relative to ancient packrat midden vegetation elevation, the 
baseline elevation for modem values is placed at 150 m above zero, to accommodate 
the differences.
Reconstructing Early and Middle Holocene Environment Change
Ancient packrat middens (Appendix C) were divided into chronological units of 
500 years each from 11,500 + 250 years to 4,000 + 250 years ago. The mean 
radiocarbon date for each packrat midden was used to group the middens into 500 
year time periods. For example, the 9,000 year period includes all middens dating 
from 8,750 years ago to 9,249 years ago (Table 9).
The mean value of relative elevation of vegetation for each time period was 
determined by averaging the relative elevation values of all packrat midden samples 
within a 500 year age class. Since the mean value for vegetation surveys and modern
24
Table 8: Tabulation of elevations and reconstruction elevations of modern middens
Recon­ Relative Mean of
MODERN MIDDENS Site struction Elevation of Relative
Elevation Elevation Vegetation Elevation
(m) (m) (m) Values
Eleana Range #3 1800 2000 200
Granite Mountains #2 1340 1350 10
Granite Mountains #4 1340 1450 110
Last Chance Range #1 960 1100 140
McCullough Range #3 1045 1100 55
Owl Canyon #3 790 1300 510
Skeleton Hills #1 910 1250 340
Skeleton Hills #3 930 1050 120
Spector Range #2 1190 1400 210
Willow Wash #4 1590 1400 -190
151
25
Table 9: Radiocarbon dates, reconstructed elevations and mean values for all 
values in each 500 year age class.
1 2 3 4 5 6
Time Recon­ Relative
Period Radio­ Site struction elevation of
yrs BP Midden Site & Sample carbon date Elevation Elevation vegetation
(m) (m) (#5 - #4)
4,000 Lucerne Valley #3 3750+/-205 1006 1250 244
Eureka View #2C 3930+/-180 1465 1250 -215
Willow Wash #2A 4125+/-85 1540 1450 -90
4,500 Lucerne Valley #6 4300+/-240 1006 1050 44
Marble Mountains #5 4360+/-210 900 950 50
Marble Mountains #7 4475+/-170 855 1050 195
No Name East #4B 4770+/-80 1220 1350 130
Nelson Basin 2C 4580 1010 1200 190
5,000 McCullough Range #3 5060+/-120 1045 1100 55
Desert View 5210+/-95 1810 1850 40
5,500 Eureka View #4 (3) 5435+/-220 1435 1300 -135
McCullough Range #3 5510+/-140 1045 1100 55
Marble Mountains #9 5520+/-190 860 1200 340
Eureka View #4 (1) 5595+/-210 1435 1200 -235
6,000 Lucerne Peak #1 5800+/-250 1097 1150 53
Sunset Cove #1 5880+/-250 972 1450 478
No Name East #4C 5960+/-70 1220 1350 130
6,500 McCullough Range #3 6480+/-90 1045 1100 55
7,000 Awl Site #4A 6770+/-100 1010 1350 340
Eureka View #4 (2) 6795+/-190 1435 1200 -235
McCullough Range #3 6800+/-110 1045 1050 5
No Name West #3C 6950+/-80 1290 1350 60
7,500 NO Midden Data average of 7k & 8K elevation
8,000 Lucerne Valley #14 7800+/-350 1006 1150 144
Lucerne Valley #12 7820+/-570 1006 1150 144
Marble Mountains #6 7930+/-285 840 1150 310
Nelson Basin #4C 7950+/-80 1010 1350 340
Penthouse #1 (1) 8070+/-120 1600 1600 0
Skeleton Hills #2 (4) 8210 +/-90 940 1100 160
7
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244
Eureka View #5B 8330+/-250 1430 1200 -230
Sandy Valley #3 (1) 8.490+/-120 885 1200 315
Skeleton Hills #2(2) 8710+/-100 940 1200 260
9,000 Sandy Valley #2 (1) 8.790+/-80 935 1300 365
Skeleton Hills #2(1) 8790+/-150 940 1150 210
Marble Mountains #9 8905+/-265 860 1350 490
Marble Mountains #7 8925+/-360 855 1300 445
Skeleton Hills #1 9160 +/-140 910 1350 440
Skeleton Hills #2(5) 9230+/-150 940 1300 360
9,500 Sandy Valley #2 (2) 9.250+/-60 935 1300 365
Point of Rocks #2 (3) 9260+/-180 930 1250 320
Last Chance Range #1 (2) 9280+/-210 960 1250 290
Basin Canyon #2A 9365+/-320 1630 1750 120
Fortymile Canyon #10C 9.390+/-40 1230 1750 520
Sandy Valley #2 (3) 9.400+/-90 935 1250 315
Sandy Valley #3 (2) 9.430+/-60 885 1350 465
Fortymile Canyon #10A 9.470+/-40 1230 1750 520
Marble Mountains #4 9515+/-185 885 1350 465
Point of Rocks #2 (2) 9560+/-220 930 1250 320
10,000 Willow Wash #4B 9820+/-110 1590 1750 160
Point of Rocks #1 (1) 9840+/-150 900 1550 650
Skeleton Hills #2(6)1 9860+/-60 940 1250 310
No Name West #3D 9910+/-90 1290 1350 60
Owl Canyon #2 (3) 10070+/-220 800 1300 500
Skeleton Hills #2(6)2 10090+/-230 940 1250 310
Striped Hills 10.160+/-200 1045 1250 205
Marble Mountains #5 10210+/-260 900 1250 350
Owl Canyon #2 (1) 10260+/-520 800 1300 500
10,500 Double Canyon #4 (2) 10,400+/-60 690 1500 810
Marble Mountains #2 10465+/-330 465 1150 685
Eleana Range #2 (1) 10620+/-120 1810 1850 40
Horse Thief Hills #1 10690+/-280 1615 2000 385
11,000 Lucerne Valley #10 11100+/-420 1006 1150 144
7
Mean of 










1 2 3 4 5 6 7
Time Recon­ Relative Mean of
Period Radio­ Site struction elevation of Col. # 6
yrs BP Midden Site & Sample carbon date Elevation Elevation vegetation values per
(m) (m) (#5 - #4) age class
11,500 Granite Mountains #1 11470+/-70 1340 1400 60 292
Penthouse #2 (2) 11540+/-150 1580 1750 170
Point of Rocks #1 (3) 11680+/-650 900 1400 500
Eleana Range #2 (2) 11700+/-85 1810 2200 390
Last Chance Range #1 (3) 11760 +/-90 960 1300 340
28
midden elevation was about 150 meters above the actual elevations, a baseline of 150 
meters above the zero (no change) meters elevation was applied to charts of the 
ancient packrat midden estimates. The mean value of relative elevation of vegetation 
for each 500 year age class was included in a line graph with a 150 m modem 
baseline elevation. The result is a chronology of early and middle Holocene changes 
in elevation of vegetation from which paieoenvironmental change has been inferred in 
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CHAPTER 4
RESULTS OF THE PACKRAT MIDDEN ANALYSIS
Studies by P. Wells and Berger (1967) were the first to report on the wealth of 
data found in ancient packrat middens which could be used in reconstructing Holocene 
climate. This study focused on sites predominantly in the northern portion of the 
Mojave Desert and evaluated climatic trends based on elevation and temporal 
sequence of macro fossils. Van Devender (1987, 1990) did extensive paleomidden 
research in the monsoonal Southwest, Arizona, New Mexico and West Texas, while 
Spaulding (1994, 1985, 1980) analyzed numerous middens from the Mojave Desert 
area. Both Spaulding and Van Devender utilize presence and abundance of certain 
species, mostly plants, to evaluate climatic conditions in the past. Spaulding (1991) 
suggests use of species richness as one possible climate indicator that shows 
increasing and decreasing aridity during the middle and late Holocene in the Mojave 
Desert. Spaulding (1991) has shown that relative abundance of mesophytes, moisture 
sensitive species, and thermophiles, frost sensitive species can indicate the 
moisture/temperature regime of an area at the time of a midden’s development.
From these studies and others ( Van Devender and Spaulding 1979, Enzel et 
al. 1992,) a general consensus on a broad overview of Holocene climate change has 
developed. The main elements in this chronology of climate are:
1. Before 11,000 years ago, toward the end of the late Pleistocene, the Great Basin
30
and Mojave Desert supported widespread woodland in which juniper was the most 
important species. Similar woodland vegetation is found only at much higher 
elevations today in the area (Van Devender and Spaulding 1979).
2. Between 11,000 and 7,500 years ago a trend of increasing aridity began in the 
Mojave Desert as elsewhere in the Southwest, and continued until the end of the early 
Holocene (Van Devender et al. 1987).
3. The middle Holocene, 7,500 to 4,000 years ago was typically arid with conditions 
drier than the present from 7,500 to 5,000 years ago (Spaulding 1991).
4. The late Holocene, 4,000 years ago to present, climate has been generally cooler 
and wetter than the middle Holocene, particularly during the Neoglaciation (4,000 to
2,000 years ago) and the Little Ice Age (600 to 100 years ago). These cooler periods 
are interspersed with reversals to aridity (Enzel et al 1992).
The principle goal of this thesis is to document a more fine grained view of 
climatic variations in early and middle Holocene environments. To do this the relative 
elevation of vegetation values are grouped in 500 year and 1000 year age classes.
The resulting charts show that significant relative elevation changes have occurred 
during the early and middle Holocene. The changes in relative elevation are 
interpreted as corresponding to changes in effective moisture.
This method of environmental analysis can only define the environment in terms 
of plant communities and their elevation relative to modem vegetation elevation. The 
elevation of a given plant community is a reflection of the effective moisture of that 
time period. Effective moisture encompasses the definition of moisture for an area that 
is derived from moisture gain such as precipitation and moisture loss such as 
evaporation. Fluctuations in temperature, and in amounts of rainfall or cloud cover are
32
factors that influence effective moisture. Effective moisture increases with lowered 
temperature and /or increased precipitation. As effective moisture increases, elevation 
of a plant community will decrease. As effective moisture decreases, the elevation of 
a plant community will increase. Effective moisture, relative to today's values, is 
inferred from relative elevation of vegetation determined from packrat midden data.
The higher the elevation of the plant communities, the lower the effective moisture.
The result of calculating the mean of relative elevation of vegetation for all 
middens in 500 year age classes from 11,500 years to 4,000 years ago is presented in 
Figure 2. At 11,500 the chart indicates a climate that is somewhat higher in effective 
moisture (EM) than today. From 11,500 years to 11,000 years ago there was a 
decline of EM to a level approximate to modern values in the Mojave Desert. After
11,000 years ago there was a reversal and, by about 10,500 years ago, EM increased 
to a dramatically high level compared to modem values. At this time the elevation 
ranges of plants were approximately 330 meters lower than comparable vegetation is 
today, due to the increased effective moisture at lower elevations 10,500 years ago. In 
other words, from 11,000 to 10,500 years ago the Mojave Desert vegetation elevation 
had shifted downward by 330 m.
The effective moisture once again dropped somewhat after 10,500 years ago 
and for about 1000 years, from 10,000 to 9,000 years ago, remained fairly stable with 
a gradual increase in effective moisture as seen for that time period in Figure 2. The 
resulting shift in vegetation elevation was about 50 m downward over the 1000 year 
period (Table 3).
After 9,000 years ago there is a fluctuating yet persistent trend towards reduced 
effective moisture until about 6,500 years ago. This trend towards aridity spans a
33
period of about 2,500 years. There was a possible short reversal of the trend or 
possibly another short period of climate stabilization around 8,000 years ago as 
indicated in Figure 2. By 6,500 years ago the Mojave Desert vegetation had retreated 
to higher elevations by as much as 330 m within the 2,500 year period. The retreat 
was over 100 m higher in elevation than comparable modern vegetation elevations, 
demonstrating that the climate regime of 6,500 years ago was characterized by lower 
effective moisture than that of today. It must be noted that the latter part of this 2,500 
year period is relatively sparse in available packrat midden data. This may be due to a 
reduction in the Neotoma populations resulting from the extreme aridity or as 
suggested by Webb and Betancourt (1990) because of a bias in midden sample 
collection.
By about 6,000 years ago the effective moisture had increased to above 
modem values for a short period of time. This cool period abruptly reversed to severe 
reduction of effective moisture at 5,000 years ago when the vegetation elevation was 
approximately 145 m above what it is today in the study area.
From 5,500 to 4,500 years ago the effective moisture once again gradually 
increased to a level almost comparable to today’s standards. Then once again the 
effective moisture decreased at 4,000 years ago when the elevation of vegetation was 
about 170 meters higher than is seen today -- the highest vegetation elevation for the 
middle Holocene.
The packrat middens were regrouped into 1000 year increments (Table 10) and 
then a line graph was generated (Figure 3). Using the same 150 m modem baseline, 
one can see less variation but consistent trends of early and middle Holocene relative 
elevation of vegetation changes.
34
Table 10: Radiocarbon dates, reconstructed elevations and mean values of the




yrs BP Midden Site & Sample
3 4 5 6 7
Recon- Relative Mean of 
Radio- Site struction elevation of Col. # 6
carbon date Elevation Elevation vegetation values per 
(m) (m) (#5 - #4) age class
3700- Lucerne Valley #3 3750+/-205 1006 1200 194
4500 Eureka View #2C 3930+/-180 1465 1250 -215
Willow Wash #2A 4125+/-85 1540 1450 -90
Lucerne Valley #6 4300+/-240 1006 1050 44
Marble Mountains #5 4360+/-210 900 950 50
Marble Mountains #7 4475+/-170 855 1050 195
4500- Nelson Basin 2C 4580 1010 1200 190
5500 No Name East #4B 4770+/-80 1220 1350 130
McCullough Range #3 5060+/-120 1045 1100 55
Desert View 5210+/-95 1810 1850 40
Eureka View #4 (3) 5435+/-220 1435 1300 -135
5500- McCullough Range #3 5510+/-140 1045 1100 55
6500 Marble Mountains #9 5520+/-190 860 1200 340
Eureka View #4 (1) 5595+/-210 1435 1200 -235
Lucerne Peak #1 5800+/-250 1097 1150 53
Sunset Cove #1 5880+/-250 972 1450 478
No Name East #4C 5960+/-70 1220 1350 130
McCullough Range #3 6480+/-90 1045 1100 55
6500- Awl Site #4A 6770+/-100 1010 1350 340
7500 Eureka View #4 (2) 6795+/-190 1435 1200 -235
McCullough Range #3 6800+/-110 1045 1050 5
No Name West #3C 6950+/-80 1290 1350 60
7500- Lucerne Valley #14 7800+/-350 1006 1150 144
8500 Lucerne Valley #12 7820+/-570 1006 1150 144
Marble Mountains #6 7930+/-285 840 1150 310
Nelson Basin #4C 7950+/-80 1010 1350 340
Penthouse #1 (1) 8070+/-120 1600 1600 0
Skeleton Hills #2 (4) 8210 +/-90 940 1100 160
Lucerne Valley #11 8300+/-780 1006 1250 244
Eureka View #5B 8330+/-250 1430 1200 -230







1 2 3 4 5 6 7
Time Recon­ Relative Mean of
Period Radio­ Site struction elevation of Col. # 6
yrs BP Midden Site & Sample carbon date Elevation Elevation vegetation values per
(m) (m) (#5 - #4) age class
8500- Skeleton Hills #2(2) 8710+/-100 940 1200 260 366
9500 Sandy Valley #2 (1) 8.790+/-80 935 1300 365
Skeleton Hills #2(1) 8790+/-150 940 1150 210
Marble Mountains #9 8905+/-265 860 1350 490
Marble Mountains #7 8925+/-360 855 1300 445
Skeleton Hills #1 9160 +/-140 910 1350 440
Skeleton Hills #2(5) 9230+/-150 940 1300 360
Sandy Valley #2 (2) 9.250+/-60 935 1300 365
Point of Rocks #2 (3) 9260+/-180 930 1250 320
Last Chance Range #1(2) 9280+/-210 960 1250 290
Basin Canyon #2A 9365+/-320 1630 1750 120
Fortymile Canyon #10C 9.390+/-40 1230 1750 520
Sandy Valley #2 (3) 9.400+/-90 935 1250 315
Sandy Valley #3 (2) 9.430+/-60 885 1350 465
Fortymile Canyon #10A 9.470+/-40 1230 1750 520
9500- Marble Mountains #4 9515+/-185 885 1350 465 410
10500 Point of Rocks #2 (2) 9560+/-220 930 1250 320
Willow Wash #4B 9820+/-110 1590 1750 160
Point of Rocks #1 (1) 9840+/-150 900 1550 650
Skeleton Hills #2(6)1 9860+/-60 940 1250 310
No Name West #3D 9910+/-90 1290 1350 60
Owl Canyon #2 (3) 10070+/-220 800 1300 500
Skeleton Hills #2(6)2 10090+/-230 940 1250 310
Striped Hills I0.160+/-200 1045 1250 205
Marble Mountains #5 10210+/-260 900 1250 350
Owl Canyon #2 (1) 10260+/-520 800 1300 500
Double Canyon #4 (2) 10,400+/-60 690 1500 810
Marble Mountains #2 10465+/-330 465 1150 685
10500- Eleana Range #2 (1) 10620+/-120 1810 2200 390 245
11500 Horse Thief Hills #1 10690+/-280 1615 2000 385
Lucerne Valley#10 11100+/-420 1006 1150 144
Granite Mountains #1 11470+/-70 1340 1400 60
11500- Penthouse #2 (2) 11540+/-150 1580 1750 170 350
11800 Point of Rocks #1 (3) 11680+/-650 900 1400 500
Eleana Range #2 (2) 11700+/-85 1810 2200 390
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Figure 3 uses the same midden sample data clustered in 1000 year increments 
from 3,500 to 11,500 years ago. The overall elevation migration trends shown in figure 
3 mirror those of the more detailed analysis in Figure 2. The 1000 year increment 
chart places emphasis on the major climate fluctuations of the early and middle 
Holocene Mojave Desert. The vegetation elevation is comparable to modem day 
levels at about 11,000 years ago then takes a drastic shift downward 260 meters in 
elevation in the next 1000 year increment. After that there is a continual increase in 
relative elevation indicating an increase in aridity to 6,500 years ago. A reversal of this 
trend occurs over the next 1000 years for a brief period of increased effective moisture 
that is once again followed by increasing aridity that becomes the most severe of the 
entire Holocene period.
The nature of the calculations of relative elevation of vegetation change limits 
the precision of the conclusion of this analysis, yet some important trends in climate 
change are evident. One cause for imprecision in the study is the lack of site specific 
vegetation elevation ranges. For the Northern and Southern study areas the ranges 
determined by Beatley (1976) and Thom et al. (1981), respectively, are not exact for 
each geographical location, but they are of broad enough geographical ranges to be 
adequate for this estimation. Available paleomidden data is another factor of 
constraint for this study. Some 500 year increments contain 9 or 10 midden samples 
whereas other 500 year increments contain only 1 or 2 midden samples. At the 7,500 
year period there are no Mojave Desert packrat midden samples available for the area 
of this study. For this time period the “average value” is a mean value derived from 
the two adjacent 500 year period midden groups.
Elsewhere in the southwestern U.S. extinction of Rancholabrean fauna has
38
been documented through investigation of paleo spring deposits (Haynes 1991). The 
radiocarbon dated deposit is bracketed by spring deposits, an indicator of higher 
effective moisture. Along with the Murray Springs deposit, 12 or so sites are discussed 
that indicate that during the latest Pleistocene there are indications of arid conditions 
during the time period 11,200 to 10,800 years ago called the Clovis Drought. The 
Clovis drought appears to correspond to the period of low effective moisture at ca 
11,500 years ago.
Corroborating evidence for a major change in effective moisture in the early 
Holocene is seen in the changing lake levels and sediment cores of Pleistocene Lake 
Mojave, based on lake shore deposits (Wells et al. 1989). Their reconstruction shows 
fluctuating high lake stands up to about 9,000 years ago when lake levels dropped 
sharply. The lake fluctuations correspond to the changes in effective moisture inferred 
from climatic reconstructions based on packrat middens (Figure 4). There are also two 
possible short term lakes between 9,000 and 4,000 years ago; one estimated at 
around 8,000 years ago, which may correlate with the possible period of effective 
moisture stability of 8,000 years ago as reconstructed from packrat midden data. The 
other small lake stand, estimated at about 5,000 to 5,300 years ago, does not appear 
to be reflected in the midden data.
Spaulding (1991) cites evidence from a single packrat midden from the 
McCullough Range consisting of four middle Holocene strata ranging in age from 6,800 
to 5,060 years ago. He concludes that the predominance of creosote bush and desert 
spruce indicate an arid climate in the middle Holocene in the McCullough Range of 
southern Nevada in contrast to the higher effective moisture indicated by this study.






*■ §  w h-
1  E 5  2w  h—
CO CO r* 0> <0 0)
^  COO o
CO a> 
“ *  CO


















o  o  oo  o  oCO CM T-
o  o  oo  o  oo  o  o
cd in rr
uojjBAeie sjejeiu




















middle Holocene that conflicts with Spaulding's conclusions and highlights a less arid 
period in the middle Holocene in Arizona that is consistent with the results of this 
study. The data evaluated for this study of the Mojave Desert indicate a brief period of 
higher effective moisture in the middle Holocene, yet is consistent with overall trends of 
greater aridity in the early to middle Holocene as suggested by Spaulding.
CHAPTER 5
DISCUSSION
The relative elevation of vegetation data from ancient packrat middens and 
artifact count percentages are plotted chronologically on a series of charts (figures 5 to 
12). To facilitate direct comparison of the two data sets, relative elevation of 
vegetation data is plotted in 500 year increments, and changes in artifact abundances 
are plotted in corresponding 1000 year increments of 500 years duration.
One of the most striking feature of the climate data is the change in effective 
moisture between 9,000 years ago and 6,500 years ago. Corresponding changes in 
many tool types and faunal remains also occur during the same interval. This 
suggests that the change in effective moisture had a profound influence on resources 
utilized by the human inhabitants during this time, and therefore, created problems of 
adaptation for the human population.
Changes in artifact assemblage can be seen in figures 5-12 to correspond with 
changes in climate. At the four sites significant quantities of differing faunal remains 
are noted for each 1000 year period as illustrated in Figure 4. Each of these is 
discussed below.
Large mammal category (Figure 5) forms a large percentage of faunal remains 
that appear to be relatively abundant at ca 9,500 to 9,000 years ago. However, large 
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effective moisture and presence of suitable habitat in the Mojave Desert decreases 
between 9,500 and 6,500 years ago.
The percentage of small mammals (Figure 6) indicates it is an important dietary 
resource throughout the early and middle Holocene. Percentage changes correspond 
to climate changes including a low percentage at 7,500 to 7,000 years ago. The low 
percentage of small to medium mammals occurs during a period of severe aridity in 
the Mojave Desert and supports the suggestion that the sparse number of middens 
dating to this time reflects a depleted Neotoma population.
Conversely, during this 7,500 to 7,000 year period a very high percentage of 
reptile (Figure 7) remains is found. Perhaps this is a climate regime to which the 
tortoise (95% of the Reptile remains at the Henwood site) is better adapted than the 
Lagomorph. There may have been a population increase in reptile or, possibly, due to 
lack of other food, this became a necessary dietary resource for human occupants.
Anadonta shell (Figure 8) is nonexistent except for where it is found in great 
abundance at the middle Holocene site, Flood Pond, dated 6,500 to 6,000 years ago. 
The high abundance of fresh water mussels indicates yet another dietary resource 
apparently not exploited in previous millennia of human occupation. The Anadonta 
may have been brought in from Cronise Basin or the Mojave river (Jenkins 1985), 
probably its only source during this period. The abundance of the special resource, 
Anadonta, with restricted habitat and availability, suggests that the Flood Pond site 
may have been a specialized site.
Excluding the Anadonta, the faunal type most sensitive to the decrease in 
effective moisture during this time period is large mammal, i.e. Artiodactyl. The 
decrease in effective moisture would result in a decrease of the high woodland habitat
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as the vegetation retreated upward in elevation to moister areas. As a result of habitat 
reduction, Artiodactyl populations would likely reduce as well. Small mammal 
category also appears to be sensitive to reductions of effective moisture. However, 
possible significant fluctuations in individual species in response to environmental 
changes are obscured by grouping all small mammal species in a single category.
The variety of major food resources from the four sites suggests a continuing 
change of diet for early Mojave Desert occupants. The change in diet resource should 
also be reflected in changes of tool types within the time frame of this study.
Projectile points (Figure 9) are a tool type regarded as most effective against large 
game and of little or no use against lagomorphs, reptiles and rodents. Therefore, their 
presence is considered as cultural evidence for the hunting of large mammals. In 
figure 9, the percentage of projectile points is similar from 9,500 to 8,500 years ago 
at 12% and 11% respectively. The count drops to zero during the period from 7,500 to 
7,000 years ago and it increases slightly to 2% during the period of 6,500 to 6,000 
years ago which shows an overall correspondence with the climate trend except that a 
major reduction in projectile points is delayed by 1,000 years or so. This may indicate 
a reluctance on the part of the human occupants to abandon the large mammal 
subsistence strategy.
Within the 3500 year period from 9,500 to 6,000 years ago the percent of biface 
(Figure 10) found at the four temporally sequential sites changes significantly. The 
presence of biface are more difficult to interpret in the archaeological record and are 
considered a multiple function tool. Functions defined for biface are: 1) cores for 
production of simple flake tools, 2) completed implements or 3) preforms for bifacial 
knives and projectile points. The increase of biface in the tool assemblage at the
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7,500 to 7,000 component of the Henwood site corresponds to the high percentage of 
reptile remains at that site, of which over 95% was identified as tortoise, Gopherus 
agassizii. A possible interpretation of this relationship is that simple flake production 
from biface tool types were used to process tortoise at this site.
Uniface tool type category (Figure 11) has two divisions commonly used by 
archaeologists: formal flake and casual flake. Formal flake uniface are large well 
made tools, generally considered to have been used for large animal processing. 
Casual flake is considered an expedient tool with multiple uses. The percentage of 
uniface tool types within tool assemblages decreases through time then increases 
slightly corresponding to a decrease and increase in effective moisture. This is 
consistent with the fluctuation of large animal remains for the formal flake type of 
uniface.
The fourth tool type category, Millingstone (Figure 12), was used for seed 
processing and probably for small mammal processing. Around 9,500 to 9,000 years 
ago, when large mammals were probably more abundant, seed grinding tools were 
found in small numbers. As the effective moisture decreased along with large mammal 
habitat, a need for alternate dietary resources was created. By 6,500 to 6,000 years 
ago the effective moisture was increasing, allowing a greater abundance of harvestable 
food resources. The increase in millingstone technology at 6,500 years ago could be 
expected with this climate change, especially with the lack of large mammals as a 
dietary resource. Perhaps an increase in summer rain and warmer winters favored 




Based on reconstruction of the relative elevation of vegetation, shifts in effective 
moisture during the early and middle Holocene are inferred. Vegetal material from 67 
radiocarbon dated ancient packrat middens from 42 sites have been used to develop 
this relative elevation of vegetation chronology of the Mojave Desert. Using existing 
midden species catalogs, a tabulation of species and their elevation ranges was 
developed for each midden, then the reconstructed elevation was determined from the 
modem elevation corresponding to the highest number of overlapping species. To 
validate this approach, existing data from vegetation surveys from 16 midden sites and 
10 modem middens were tabulated and assessed using the same method resulting in 
identification of a 150 m modem baseline correction.
Ancient packrat midden sites were grouped in 500 year and 1000 year 
increments and the mean of reconstruction elevation values for each group were 
calculated to determine changes in effective moisture. The resulting chronology 
shows that shifts in relative elevation of vegetation through a range of as much as 500 
m have occurred from late Pleistocene to middle Holocene. These changes in the 
relative elevation of vegetation indicate that there were changes in the vegetation 
communities at the ancient midden sites. From lower relative elevation of vegetation, 
higher effective moisture is inferred. As shown in the 500 year chronology, the major 
shift occurred beginning about 9,000 years ago when the relative elevation of 
vegetation dropped 250 m by 8,500 years ago, followed by a more gradual decrease 
for most of the remainder of the middle Holocene. Other short term changes have 
also been identified.
Using existing excavation reports, selected tool assemblages from four sites in
the Fort Irwin area, dating from between 9,500 to 6,000 years ago, have been 
tabulated. Tool assemblages are divided into four major categories, (projectile points, 
biface, uniface, and millingstone) and faunal assemblages in four main groups (large 
mammal, small to medium mammal, reptile, and anadonta). Changes in tool 
assemblages and in faunal remains have been directly compared to the changes in 
relative elevation of vegetation i.e. effective moisture. The major shift to lower 
effective moisture and increasing aridity, beginning about 9,000 years ago, has been 
shown to correspond to decreasing percentages of large mammal and small to medium 
mammals in the archaeological assemblages. Projectile points and uniface 
percentages show a similar decrease with decreasing effective moisture at this time. 
Biface and reptile remain percentages show an inverse relationship to decreasing 
moisture.
Anadonta remains appear only at 6,500 to 6,000 years ago, but do correspond 
to a short term increase of effective moisture during that period. This period of 
effective moisture may in fact explain their existence in the Mojave Desert at this time. 
Another effect of this short term increase in effective moisture may be seen in the 
increase of millingstone abundance. This increase may be a result of an increase in 
availability of seed bearing plants such as ricegrass and mesquite and a scarcity of 
large mammals.
The packrat midden data clearly indicates significant environmental changes 
during the latest Pleistocene, and early and middle Holocene. The sample of 
archaeological data is not large enough to represent probable cultural variation in any 
given period since each 1000 years is represented by only one site. However, the 
correlation of changing faunal and artifact assemblages with changes in effective
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moisture and elevation of vegetation suggest a relationship of changing climate and 
changing culture. Therefore, those who study cultural adaptations in the Mojave 
Desert must consider changes in the environment as probable important factors in the 
process of cultural adaptation.
This correspondence between the changes in effective moisture and cultural 
assemblages suggests that human occupants of the early and middle Holocene 
Mojave Desert adapted to changing environmental conditions by changing subsistence 
strategies. Basgall and Hall's interpretation that there was little environmental change 
and therefore environmental change is of little significance in the study of cultural 
change in the Mojave Desert during the early and middle Holocene must be 
questioned. By utilizing the chronology of climate change developed in this study, 
more detailed than that of COHMAP, significant climatic changes can be documented, 
and these climatic changes appear to have required some changes in the human 
subsistence strategies. This supports the theory of Warren (1995) that the changes in 
faunal and artifact assemblages at the Fort Inwin sites reflects human adaptation to 
environmental change. Evaluation of additional archaeological sites, elsewhere in 
Mojave desert would serve to further test this correlation
Chronologies have been developed in this study to provide other researchers 
an interpretive tool to identify, define and help explain the cultural change of the 
Mojave Desert. This tool, an environmental chronology based on vegetal remains in 
ancient packrat middens, could be used to extend the detailed climate record into the 
late Holocene or back into the late Pleistocene. This tool could also be used in other 
semi-arid geographic locations to assist in interpretations of climatic and environmental 
changes.
APPENDIX A
Cumulative Vertical Distribution Charts of the vegetation 
surveys used in the packrat midden analysis
LEGEND
+ = elevation range according to Spaulding (1995 a)
+L = low elevation range is according to Spaulding (1995 a)
+H = high elevation range is according to Spaulding (1995 a)
++ = elevation range according to DeDecker (1984)
++L = low elevation range according to DeDecker (1984)
++H = high elevation range according to DeDecker (1984)
+++ = elevation range according to Benson and Darrow (1985)
++++ = elevation range according to Thorn etal. (1981)
! = introduced species
I! = includes introduced species within genus group
(4) * = number of species and or subspecies included within genus elevation range 
** = indicates only species for that genus listed and may be used as genus range 
*** = elevation range is a combination of Artemesia bigelovii, A. nova and A. tridentata 
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APPENDIX B
Cumulative Vertical Distribution Charts of the modem 
packrat middens used in the packrat midden analysis
LEGEND
+ = elevation range according to Spaulding (1995 a)
+L = low elevation range is according to Spaulding (1995 a)
+H = high elevation range is according to Spaulding (1995 a)
++ = elevation range according to DeDecker (1984)
++L = low elevation range according to DeDecker (1984)
++H = high elevation range according to DeDecker (1984)
+++ = elevation range according to Benson and Darrow (1985)
++++ = elevation range according to Thorn etal. (1981)
I = introduced species
!! = includes introduced species within genus group
(4) * = number of species and or subspecies included within genus elevation range 
** = indicates only species for that genus listed and may be used as genus range 
*** = elevation range is a combination of Artemesia bigelovii, A. nova and A. tridentata 








































2L S CC 
































»  £  co CD
l / ) N T f i n S O ) N C O O
o c o n o c o n o o c o f oC O M T - O N ^ W C D i nCNCNCNCNONCNCNCNCN
m  o> n . r -  r*-
Z” ooZrjr^coh-.r*-(D^!(D(D(0 ^ j^^2
o  o>00 IO .  ( N  r  0 3O  O) CO CN
CN h - 
t -  0 3  N  
O W N
CNCNCNCOCNCNCNCNCNCN
CN -N- t- n  in  s  h*. co co
00 O) CO 
CO CO CN 1^* 
t -  S  CO CO
N  T -  r -  T -





*  c  ^  0 ) 0 . .  
O) ^  c  C -a O
K  E g  
w E £C © Q)
2  E  *







CO oc CO10 '550)
' o 1
C C CNa) to a jO L3 *N





x  *E 





ca f5- o  a .
r  1/1 cn a
■tr co ■ co£ •£; o* n.■2 V, «  o
&  £  . 2  a .r  a .  as co 




&  + . 
g :










’■5 o  2  oj
CL ^w 5
CO 0)
SB co _  
> .  ra “
I So  S  
E  co u> ^3 12 .E 3a  a.
CO
*1 B a  &
a |  s s  
s 1  e |0  a) *5
1  “  "  E 






I o ~  5 o _
Q |  CO
S
'€  5  —re re
H z'5 C tNre o
|  re ~


































:  82 
- L Z  
: 92 
-52 
r  P Z
7 '  £2  
7 22 











91 s g  
SL















§ S  *- re 
■■= 0) Q .  c  
5 g> (O o 
® m <0 £  
u j  *- t -
c - o o o o o o o o o o m oT^ointnooococM ooocM O
£ S r 0 N t ( M l f i C O O O ) t f ) l f i  
CM ▼- y -  t -
O O O O O O O O OoinocopococM to
O O N O N ( M ( M N C O C O
o o
h-CO




OOP CM in CM 01(0(0 T- (M 1-





« 3  = 2-  C  J)  ^
c  § 5 2 E o  S  ^
( D S P "  cn *  c >
c  -S E £0) *£ Q) Q)
S i s g






cn o .2 c




■S + .8 B-S T in





S g ^ i
<n ^  c  S2  o  ro n£ S a »2 o £" o.
03 O  O  LU
.a E0 r»JS c J2 coX
E &
1 E
O  3  
D> =6 




=  *5 —  o  
§  re
o- *5?CL -Q
_ Q. ~ o s
cm re
• e l  
I  £
-re ja 2^
re * c re
X  2
c  -S 









m ra SS ' g  E
•R j§  ra 




E(/>o*c o 2 a
§ ■§ ra a Ej 2 i . C D . r o  re re d e c








1 o “.■a o_
«/) <£> 
q |  ®
2 <A
r  ® -^-
0) <D ^  > £—
s i  ”
co o
a
i  § 































r  52 
: b2 





































s a p a d s  \o #
=  ^  
a> q £
_ o o o  
•§> o o o
^  CM S
o  o  o  
s  in in
N- *- COI  ^  r  t -  1-  c\| r
_ o o o o  o  o
5 in in o  o  in cn
o co CO CD o  Is*- o
o o o o o o o o o m  m o o
oococMCMOococor-* *  r ^ o m
M r c v i n c o c o o o c o o c o  to n  roCM CM CN CN (O t- r* r* r» r- CN
o o o o o o o o o m  o  o  m
o o  co cm in m cn h- co o  h-
CN CM N CO (N CO CN CO O O O)
{/)
l  =  iC  <D ^  
3 £  CO 
o  !2  r-
S  E -  ® c 5 'E ® ®
e E |
(5 5  co
co Eco j?cn
0) * E 8 
E S’ = 2
™ o .2 jl
£ I  2 1S o -a '«S o E  E
CO <  <  <
2  M 
E 't/i
'a |
1 1  t  o  tn
2 E £  
* 5 - 5
> . ■£ ro 
o  £  "oS o .®  
o a
O  O  UJ
iS ~co 





10 CO (03  **- w
_  s -
a  i  E 
o  °—r O) *n9-05  ro r  u 
X  UJ UJ
C/3
5  wO C£  ®
9  0310 C
® 3  C :=.£  Q. o  5-  -  w  oeft t  L. —
o
0)  
.  CL or  J 2 O 01 11
“ • 5 - C -HS- “ S ■“5 ra “  »
S- f  E =— 2 § -o 9- a- '0 2 
x 2 5  1
(D CD «C s= C
0  C  CO 
n  O  U_ in ’x














q S -  
1 1 3
n  5  in
M  «C v ^-S '®—
> K
« o_
i  5 _ 13
O UJ
~oe 
:  62 
:  82 
-■ 1Z 
-  92 
C ■ 52 
r *2 
G2 




01 a a 
• i t  I f  
•91 E 2 
c  a
; SI
VI |  §  
2 f-






ro 'p ' _
l - S S  
5  § « 1a> £  <o co
UJ L
r n o i n i n i f l j ; « N3 8 !,n- ir- * - «- <N
t*- n > i n  t o  o v * -
n n  5  ® S  5v <N (N «- »- « N
*8 8 5 ^ ® §© (O W j; V V <N ^  —
tOfO^-^-CO^-o-CJj-S O l N N O l S r - l O N
O lN IO b N ID IO S ID
_ . - El ?5 So 5 ® s
n m o ® o i n n "
fi i
« -8 c (0
£  s
I  H a t .  * 1■s •? = a a m as.
8 5
co <  <  m
o  "O g  3  £  £
" | |  
o  o
£ -2 
« s *a  r «>
X =5 0) tt
t s E*o t»
I  8
C 5 • *5 V* C Q.o (0 V o p| § to
E  'S
^ D. -e ^
o .a 2.  ^ S C « _ 
s  !t  a.
O u j u j u j u i i I j U t 5 l j j 2 5 z O
l l l l l f l








I  o ~  £  o __£: TT ^.2 S_
Q  |
cS
C  “  —
0 )  CD
U z'<5  C  CN







CO O '  COg £  w ■s 
■g o S. E 5 g> » o ® o ”  iE
r -  O  O  O
n i n  o  o  
~  o  P I  N
5
o
o  o  
in  o  
co o>
o  o  o  
in  cm in  
O) CD CD
T * ^
o  o  in
h -  r -  * -
CD O) D>
o  o  o  o  o  o
in  o  o  o  o  in
o  in  cn in  oCM t-  ■*-
o o o i n o o m on o r s n o c N oi n o h - c D ^ - o i n r -
i - C O t - r - T - O l t - r -
o o o o o o  o o o o o o m o o  
in  o  o  in  c  co ▼- c o o i -  in
o  cm o  o  o> s  o  a  co
o  o  o  o  o  o  o
O  CN (D m  r  t  O
(M (*) t » CO N  O) inCM CM ^  t -  1-  r *  t -
o  o  o  o  o  o  o
in  in  in  o  





= o  
«  c i -
Um Q) . ..e *o £f  5  S 
§ I  g
3 Q) 0)O TJ fl)
o  o  £ 2 w
Ein TOTO TO w or O TO 
TO := E $i  S £ -21 ^ . 5  
.2 .2 'S 19 TO .Q ’to
to ro c  cc l  o  b  b  




TO ws Iw •£*
Q. TO CD -Q 
Q . (0  CO
£ % t»i  s g
t  « s0) 2 TO
CD C  C
TO £  CO^  TO M





























E 2  
3 c  ® S 
1 E







<  CD OQ
S ft « t  3 1 1 1o C T J :ru (0 O£ - - ~ C * 3 f t £ C G .
o  O  Q  UJ ,M
'G . JZ  Om o o
C  q . C  CL (0 TO
i  o I  « I  3
r  n  TO • £  O  W
o  a> !2  o  g  E
O) c  c  ^  5  3
O  O  CJ Q .  £  =  
—  _ _  C * C 3 3 C D T O
L U U J U J U J U J U J U J U . O
E E














^ K TO .TO 
Q .




!S ® -s *- «<. 5  SS  9 *  to s sr=  3  TO r=  roo O X X *

















§ ~1 o ~  
■c 2 “
.« S —0 £ ®
S' e ®€ o — 
at ©> g —
§! .E _ l
5  C INre o—  'JZ ___
1  S -  













81 c i  
<11 °CC to H 
91 i g
51 I  \
n sp •£ fcE l oi CC









ro •£• cog §  -  a3
1  ® 8. E2  «  o  
® ro ™ £UJ *-
m o o o o o m i n t n o i o o m o o o o o o o o o m
N i n N C O O ( D ( N ( N I S i n N O C M O ^ O O ) ( N W i n O O N( 0 1 / ) ( \ 0 ) 0 0 l / ) W i n O N C D r ( M O T - r ) T - ( 0 £ D r ( M i n ( D
^ r r - i - r r r r ( M r r r i - n ( M ( \ l N r r O | T - r r
o  o  o  o  oa? r -  s  o  ah» <0 OO 00 00
o m o m o o o o  N» T- o  to (O03 h- (N O •«-











O -D o o 
S  2
s-.
8 *o Q- _
is * m® .s •= 
E J  i  
~  u E 
l - S  Esr co ro 
" 2 2
re
oo +oc cro ob- :5 cna> o c
la ro 
w p
S £ro o  a>
2  Z
ro 9- 














*  *  e  ■ a  5  g  cm
5 .2 CL 
£  w 
c  a.  J  o ro at 
■re °  °  JS s  ro






^  ^ - 2
at o9* o> +
a a
ro 9 jz ro o ^ 
E 2 atro
.2 £  ro a. 
CO CO
•=  at
3 S*« TJro S 
ro oo
ro °  
a  .2 
E E o o  o £z
B fi ‘1 cia. ro 3 o 
C S  ® 3














































































































































: 81 w QQ
7 n i f
7  91 E <2 c  0
7  • SI c g|
7 n °  s1 p
7 8 1 ■2 S
7  21 uj £
7 u
7 01 5
7  6 35
7  8 R
L 
= 9 
7 9  
7 f r  
7 8  
- Z  
-  I 
-  0







C N f M i n o ^ i n ^ ^ i o
N N ( 0 0 ) C M I / ) N P ) 0n c o r - a o mmi n i - f l o
* J t 3 ) l C r r O N i nN OT j t - OJ O r - C Om ^ f f l n i o c o f o i n
r  in  N  N  in
r  (J) CD CO O
W  1-  ( N (M CO
T-  CNJ OJ ( N CNI
v -  CO <0* * -  TTn  ci in n  in
I D N  CO ( O CO
in  y -TJ- N. O) CD
co cn co n  
N  (N N  ro 
O) CO O) N
h- N- 
CD CO
cn  r o  cn r -  t o  S  S( D  O )  01 N  N  2  ^
N  N  N  C  O) 2  i j
ro £ in a>
o
O -  > JN O5k TO
to *o a
■g a) c  zj2> 8 JSTO "O “
0) CM
a.
<■> TO TO£ O
8 |  a  E
r  " 6  f fl ®  C l 2
1 1 1 " “ -




f l5 “ </> . 9  ro  h *
(0 3 O) Q. 2
£  -  8 !  “ roTO
TO
E *S ^  CN
C O < < < < C D C O C O
N TO
O &£ C*__
U  O  UJ UJ
» .2 2> ^ £ o.w - o o c u i S t T O ^ O )  . E a > o ) c c < D a > c o^ x r o o o e f c r o a  
”  «  •»- - r  3  5  TO .£  a)
I UJ C9 _ f  _J 0-
I  a s
a>O  fs .
2 o.b j  ;  a ;
•C JS TO Q. *3 



















“ro" to*“ fNfN fN
■c ” «Nre ’T5’
O _2_ fNeo o> s
? S3 fN£ § —
*5 toa 0)E <0 o
8
§_re

















• 02  
61 
e i













Z £  
ZZ  






















sdpdds jo  f
s §>»s
Q) *= (0 CD
UJ U
X  CM O  .  .
f n r - o » C M f M « o « — o o c m c o  x  .r n a i o i n ( 0 ( O N N U ) ^ 6 ( s i n ( d N O O i
§^-*-v<nu2to^-io<o<p<Otf>^-ON N i n O ) v O ) 0 0 ) N N N N S w r i r ^ r ;  <o<0a>is-o>r>»r''»r'-o><o0)a)<or«»<0<0<0:
i /)50i f<cnp)»-NNq n i n o N n s o a
g g le S lS S
E
T -  O
*  -  5
J2 g  ..Z  -D  C
X  S  .2 
e  E re5 £ 5
i  a5 *55 




3  «  «= .g  £  g  *5
s f  I I  J g f| iS  |  E I s  S£  -c  2 re cT o c
to .12 o  •
• 8 - 8 8 •» 
co c * 1  £  I  a  a 5 "  1 • £ " 
» 2- a  & -S  » S.
.! I  E •= E |  g 
a l l i f i f5 5 Sii  5  O a
a.t/ito











§ I 2 8 a. a.
sre 
*E o 
.  £ 
r^ .




























































































-0 C  
7 62 
-  82 
r  LZ 
Z 92 










































I N O V n i f l S N S I f i ( O r O ) l D D i - i n O )  . N m n n g o c o o Q ' c ^ c o s m s f f l i n  i n C D f t - S N N N O t O f O T M D O n i f i f  • t - r M r J C N t - N ' - N t - T - N r - f t - ' - * -
in i -  in
CO (J> O) i n  i n  t -




■ in in r  r  r, h- 0) C'- TT TT h- 
IO N  (O O) O) ID
_  (D  P ) r -  (O  t -SN O) S Ol N(?) N  CO N  CD t - m r - ’ - f O ' - ’ - f ) ’ -r ' - C T J O O O N f ' - C N O( D S N N N I O I D C O N
C E
«! E ..
E .2 2in v  a «B n, CL Wu c i=
a .
e  in 
o S- E E &> a
*S I  
«  + s
- I  I3  m  8?V)
8  w Q. X ™ c  C_  O  S  N  id  roi-i 5 T?. ,S_
S. E E “  
W <  <
s 13£  x:
O  CL
UJ UJ
- - _ .2 cQ> a ro *o E
s  w 8* « «c  „  5  oi SO J  o . t  Q.
3  “  *5 CD CDlUOX j  j
.2 c
J ' S  •9 c  o
<S  %  SI 41 in  3c c o o -p n.
2  2 3  S S -
^ 0J ,<D
f a  I“ 0) J3
Q. u qj r  JS










j =  2  O _I_c O)
o  _
'■ § ®  2 °:S O -r— 
u  h-
w  « ----5
75 ^  reo g
t  i > T  
0 )  v
£  CO
§ . £ _  
»  C  "co o_
i s













8 1  2  to QD
•21 2  CC 
a ) I—  
•91 E £2
c  a
• SI c - |
H l S




















C\J C\J i — i —
sapads (o /
E >> 
- 5  ® 
ag  a, 0) 
ra (0 CD
O T - ^ l f > 0 > * t O > C N O ) ^ - < D O O r - .o > ( D ( N c o c M ( N c o c o n o ) ' » c n p t t )~ c o o o m i n i n c o i n f O > ^ i r ) ( o c o i n r j c o ( N N ( N c o c oI C M T - O j T - t - r - r “ N T - ( N N i - T - ( N ( N T - f < i i - N O J r *
(O Cl r  9 9h -COo T- CO CO N  N  O) (O co s
^ S cocoS ^ ^ cO t-n w ^ ( N J Z N N O ) N





2 ,  c  
O )  0 )  ■ • c  *o c re *a o
*  E  * 8  
O C S
t >  0 )  <D





S EC o re o c ro re ‘05 
. 2  E  
o  c  
re  re  a tr co <
•^ = ’ re 0
re E •*= I  f t i  .2o w = = o re rox re *jjt*a; <u = ^
f  1 2 1
<  0Q CD m
X+ro£
W)
•§ «  re p-
g ro£ >*ro 2
re P
6 s




re roXQ_]o're re rec XLrexz o O•cro a .Q
3 * E re3




CD T 3  
O  C  
* C  0 )
UJ U.
CL £  




■ 5 -  g
X  5
re 
■ o_ 'o ro 
a. re S
e i i










C L 5  0 0re «£ re .>< a•e re ro ro r= Q)





ro o  c l  ’£  u_ 
CO CO CO CO H
94
2 ° A  O .
“  tt)® T-Q En p m *-
0  v>
E  £ T  *-a> o>> ETT -
g . E _
1  g  "  "
i  > JL
3  £  o  
O  UJ 8 8 2 °  
setoads jo #
I n N i n ’* v i n N V ^ N i n ^ f f l r - ( j ) C D N O ) ( \ N ( D ( o o i n vf i ( D ( o r ) ( J i r ) U ) f f l ^ i n o o o > C T r N i o t o c N r - c o i f ) v ( N i D D
- ^ < N O O i n < - ' - ( N N O I O ) ( D I O ( D ( 0 ( O N ( N I O O N ( N U ) C O i r « -
g ® — ,n ® 0  —© K 2 ® c o S r N ( M © o r N r r 5 CO CO CD 05  0 0  O  _O  to O  tf) O) CN S• ■ o **•
*  £
«  cf- o  ■_
I ?  °(Q •—'X3s e !
>  C  0)
1 -g * 
i  1? £> 5 w
E fc «  -Sm •£ m 05c ra g Oj
-S| 0) 4) X I  oy  2  *5. ro P<u to . a  2a. O) £co <  <  O
S  -5.
a. £
w -, O O c C
■E 2 ft A o o.H V) 
£ E g
|  E £  8 - :S ”  S  .5 .5 |  *  IWNI^ptD0) 0> S 2 '«
—  fc ID £  E  »  SB
05 CO 12 3P  O a 'u-» (U g* *>
£  E
B I §O ^
I  °
1c  *"* o a0) (/Iro ro&  £  *5
o d. a.
*5 .2c *5 ro £
£  c  S '€
g  S  c  £  ro2 X o to S=
£  ra E £  £2 ro m c >
•c 'E w 2  £js >. ° s •“
a  "S c  5  ™H- ro fc -c oE is  ro o >> a) x: ™ o
co i -  »- S  >
APPENDIX C
Cumulative Vertical Distribution Charts of the ancient 
packrat middens used in the packrat midden analysis
LEGEND
+ = elevation range according to Spaulding (1995 a)
+L = low elevation range is according to Spaulding (1995 a)
+H = high elevation range is according to Spaulding (1995 a)
++ = elevation range according to DeDecker (1984)
++L = low elevation range according to DeDecker (1984)
++H = high elevation range according to DeDecker (1984)
+++ = elevation range according to Benson and Darrow (1985)
++++ = elevation range according to Thorn etal. (1981)
I = introduced species
!! = includes introduced species within genus group
(4) * = number of species and or subspecies included within genus elevation range 
** = indicates only species for that genus listed and may be used as genus range 
*** = elevation range is a combination of Artemesia bigelovii, A. nova and A. tridentata 
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APPENDIX D
A complete list of species and their modern elevation ranges 
used in the Northern Study Area packrat midden analysis
LEGEND
+ = elevation range according to Spaulding (1995 a)
+L = low elevation range is according to Spaulding (1995 a)
+H = high elevation range is according to Spaulding (1995 a)
++ = elevation range according to DeDecker (1984)
++L = low elevation range according to DeDecker (1984)
++H = high elevation range according to DeDecker (1984)
+++ = elevation range according to Benson and Darrow (1985)
++++ = elevation range according to Thorn etal. (1981)
! = introduced species
I! = includes introduced species within genus group
(4) * = number of species and or subspecies included within genus elevation range 
** = indicates only species for that genus listed and may be used as genus range 
*** = elevation range is a combination of Artemesia bigelovii, A. nova and A. tridentata 







Species name LOW HIGH
Acamptopappus sphaerocephalus ++ 610 1280
Agave utahensis ** 1189 1463
Agropyron sp 6 * !! 671 2744
Amaranthussp 6 * 671 2073
Ambrosia acanthicarpa 1037 1890
Ambrosia dumosa 671 1372
Ambrosia eriocentra 976 1768
Ambrosia sp 4 * 671 1890
Amelanchier utahensis 1524 2744
Amphipappus fremontii** 793 1372
Amsinckia intermedia ++ 1037 1829
Amsinckia tessellata** 793 1829
Anemone tuberosa ** 1220 1585
Arabissp 14* 1006 2805
Arceuthobium divaricatum 1921 2287
Argemone sp 2 * 732 2287
Aristida glauca 915 1372
Aristida sp 6 * 854 2165
Aristida adscensionis 854 1220
Artemisia bigelovii 1037 1585
Artemisia comb. BNT *** 1037 2805
Artemisia dracunulus 1433 2866
Artemisia ludoviciana 2 ssp 1250 2317
Artemisia nova 1524 2287
Artemisia sec tridentata 1524 2805
Artemisia spinescens 1037 1707
Astralagus laynea 915 1463
Astralagus mohavensis 1037 1341
Astralagus lentiginous 2 ssp 732 2287
Astralagus sp. 26 * 0 2774
Athysanus pusillus
Atriplex canescens 671 2287
Atriplex confertifolia 671 1890
Atriplex hymenelytra 671 1341
Atriplex polycarpa 701 1159
Atriplex sp. 10 * 671 2287
Bebbia juncea 762 1250
Brickellia arguta 854 1524
Brickellia californica 1524 2561
Brickellia desertorum 823 1555
Brickellia microphylla 1037 2073
Brickellia sp 9 * 823 2561
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Appendix D continued
Brickellia watsonii 945 1524
Bromus carinatus 1799 2500
Bromus rubens! 793 1524
Bromus rigidus 945 1738
Bromus tectorum! 1524 1982
Bouteloua barbata 945 1707
Buddleja utahensis ** 1037 1585
Camissonia walkeri 915 1463
Castilleja chromosa 1098 1829
Castilleja sp 4 * 1098 2774
Ceanothus greggii 1677 2378
Celtis reticula ++ 1524 1524
Ceratiodes lanata 945 2835
Cercocarpus intricatus 1189 2591
Cercocarpus ledifolius 1829 2805
Chamaebatiaria millefolium 2012 2378
Cheilanthes feei 1829 1982
Chenopodium botrys ++, I 1098 1098
Chilopsis linearis ++ 0 1524
Chorizanthe brevicornu 2 ssp 945 2134
Chorizanthe rigida 640 1280
Chorizanthe sp 5* 640 2134
Chrysothamnus albidus 671 1585
Chrysothamnus nauseosus 5ssp 671 2317
Chrysothamnus sp. 14 * 671 2866
Chrysothamnus teretifolius 823 1738
Chrysothamnus viscidiflorus 3 ssp 1098 2866
Cirsium sp 4 * 671 2317
Cleome sp 3 * 671 2134
Coldenia canescens 1098 1128
Coleogyne ramosissima +H 1220 1829
Coryphantha vivipara 1341 2073
Cowania mexicana 1280 2134
Cryptantha barbigera 1402 1829
Cryptantha confertiflora 671 2439
Cryptantha flavoculata 1707 2470
Cryptantha pterocarya 945 2134
Cryptantha racemosa 793 1311
Cryptantha sp 22 * 671 2805
Cryptantha utahensis 1006 1829
Cucurbita sp 2 *,!! 823 945
Cuscuta sp 5 * 671 1707
Dalea sp 4 * 701 2073
Datura metaloides 671 1280
Delphinium parishii 915 1982
Descurainia pinnata 2 ssp 671 2744
Descurainia sp 5 * 671 2744
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Dichelostemma puchellum 1067 2073
Draba sp 2 * 1098 1890
Echinocactus polycephalus +H 701 1707
Echinocereus engelmannii 3 ssp. 854 2012
Echinocereus sp 5 * +H 854 2165
Echinocereus triglochidiatus +H 1677 2195
Encelia farinosa 793 1067
Encelia frutescens 671 1128
Encelia sp 4 * 671 1707
Encelia virginensis 2 ssp 793 1707
Ephedra californica ++ 0 1220
Ephedra funerea 671 1220
Ephedra nevadensis 762 1829
Ephedra sp 5 * 671 2287
Ephedra torreyana 976 1524
Ephedra viridis +H 1372 2744
Erigeron sp 5 * 1220 2774
Eriogonum brachypodum 671 1890
Eriogonum caespitotum 1768 2439
Erodium cicutarium 671 1829
Eriogonum deflexum 1463 2012
Eriogonum fasciculatum 976 1768
Eriogonum heermannii 4 ssp 823 2439
Eriogonum inflatum +H 671 1707
Eriogonum microthecum 3ssp 1159 2774
Eriogonum sp. 48 * 640 2805
Eriogonum thomasii 671 1585
Eriogonum trichopes 640 1006
Erioneuron pulchellum +H 976 1646
Erodium cicutarium 671 1829
Erodium texanum ++ 305 1006
Eschscholzia sp 3 * 762 1829
Eucnide urens ** 793 1311
Euphorbia incisa ++ 0 1829
Euphorbia robustus 2439 2805
Euphorbia serpyllifolia 671 2134
Euphorbia sp 8 * 671 2805
Fallugia paradoxa 1128 1951
Fendlerella utahensis 1189 1982
Ferocactus acanthodes ++L, +H 610 1585
Festucasp 5* 671 2012
Forestiera neomexicana 793 1616
Forsellesia nevadensis **, +H 1707 2805
Forsellesia pungens + 1463 1707
Fraxinus anomala +H 1402 2012
Galium sp. 10* 976 2744
Galium stellatum 976 1280
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Gaura coccinea 1037 1524
Gilia latifolia 671 1585
Gilia ripleyi 1220 1311
Gilia sp. 20 * 671 2439
Grayia spinosa ** 915 1982
Gutierrezia microcephala 671 2591
Gutierrezia sarothrae 1067 2683
Gutierrezia sp 2 * 671 2683
Haplopappus brickellioides +H 793 1646
Haplopappus cuneatus 1067 1829
Haplopappus iinearifolius 1067 2012
Haplopappus nanus 1280 2287
Hecastocleis shockleyi **, +H 1128 1646
Heterotheca villosa 1829 2134
Hilaria jamesii 1098 1829
Hilaria rigida 793 1341
Hilaria sp 2 * 793 1829
Holodiscus microphyllus ** 1616 2744
Hymenoclea salsola +H 915 1646
Isomerus arborea +L, ++H 152 915
Jamesia americana **, +H 2134 2988
Juniperus occidental ++ 2500 2805
Juniperus osteosperma +H 1677 2988
Krameria grayei
Krameria parvifolia +H 701 1829
Langioisia setosissima 671 1707
Lappula occidentalis ** 945 2378
Larrea divaricata +H 671 1890
Lepidium fremontii 671 1341
Lepidium montanum 2 ssp 671 1829
Lepidium sp 6 * 671 2073
Lepidospartum latisquamum +H 1524 2073
Leptodactylon pungens 2 ssp. 1037 2500
Leptodactylon sp 3 * 1037 2500
Lesquerella sp 3 * 1677 2744
Linanthus sp 7 * 762 2317
Linum lewisii ** , +H 1372 2530
Lomatium scabrum 1067 1585
Lupinus argenteus 1982 2287
Lycium andersonii +H 671 1829
Lycium pallidium 701 1280
Lycium sp 3 * 671 1585
Machaerantha canescens 976 2744
Machaerantha grindelloides
Machaerantha tortifolia 2ssp 701 1463
Machaeranthera sp 4 * 640 2744




Menodora spinescens ** 915 1829
Mirabilis bigelovii 2ssp 762 1982
Mirabilis sp 4 * 762 2134
Mortonia utahensis **, +L 671 1159
Muhlenbergia ported 1067 1768
Nicotiana attenuata 1494 2287
Nicotiana trigonophylla 793 1463
Opuntia acanthocarpa ++ 0 1524
Opuntia basilarus 701 1677
Opuntia bigelovia
Opuntia echinocarpa 701 1768
Opuntia erinacea 2 ssp 1128 2287
Opuntia phaeacantha 1829 1829
Opuntia polyacantha 2073 2134
Opuntia ramosissima 671 1372
Opuntia sp 10 * ++L 0 2287
Oryzopsis hymenoides 732 2287
Oxytheca pertifoliata 1067 1707
Pectocarya platycarpa 793 1220
Pectocarya recurvata 793 1128
Penstemon palmeri 1006 2439
Penstemon petiolatus 1159 1585
Penstemon sp 17 * 854 2805
Perityle emoryi ++ 0 1220
Perityle intricata 793 1463
Perityle megalocephala 1280 2073
Petradoria pumila 1768 2774
Petrophytum caespitosum ** 1311 2195
Peucephyllum schottii **, +H 793 1585
Phacelia campanularia ++++ 0 1620
Phacelia fremontii 793 1829
Phacelia glechomaefolia
Phacelia mustelina 1067 1677
Phacelia sp. 19* 671 2591
Physalis crassifolia 793 1311
Physalis sp 2 * 793 1890
Physocarpus altemans ++ 1707 2866
Pinus flexilis +H 2134 3049
Pinus monophylla +H 1768 2927
Pinus ponderosa 2134 2805
Plagiobothrys jonesii 945 1585
Plantago purshii 1433 1951
Plantagosp 4 * 671 2195
Pleurocoronis pluriseta ** 823 1037
Poa fendleriana 1524 2591
Porophyllum gracile 762 1067
Prosopis juliflora 640 945
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Prunus andersonii 1829 2134
Prunus fasciculata 1006 1829
Psorothamnus fremontii 701 1341
Psorothamnus sp 2* 701 1677
Purshia glandulosa 976 1829
Purshia sp 2 * 976 2317
Purshia tridentata 1829 2317
Quercus gambelii ** 1646 2287
Rhus trilobata 1463 2012
Ribes cereum 1829 2805
Ribes velutinum 1616 2439
Salazaria mexicana ** +H 1067 1616
Salsoa kali ! 793 2287
Salvia columbariae 884 1829
Salvia dorrii 2 ssp 976 2287
Salvia funerea 793 1067
Salvia mohavensis 793 793
Sarcostemma hirtellum 1220 1220
Schismus arabicus 701 1159
Sclerocactus sp 1189 1921
Scopulophila rixfordii ** 823 1707
Scrophularia desertorum ** 1646 2378
Senecio douglasii 793 1463
Senecio multilobatus 1128 2744
Sitanion hystrix 1372 2805
Sphaeralcea ambigua 2 ssp 1006 2287
Sphaeralcea sp 8 * 701 2287
Stanleya cf elata 1220 1829
Stanleya pinnata 2 ssp 671 1829
Stephanomeria pauciflora 671 1585
Stephanomeria sp 5 * 671 2744
Stipa arida 1341 1982
Stipa comb, arida & speciosa **** 1220 1982
Stipa sp 7 * 1220 2805
Stipa speciosa 1220 1829
Symphoricarpos longiflorus 1159 2256
Symphoricarpos parishii 1982 2591
Symphoricarpos sp. 3 * 1159 2774
Tetradymia canescens 1677 2744
Tetradymia glabrata 945 1951
Tetradymia sp 3 * 945 2744
Tetradymia axillarius 1098 1646
Thamnosa montana 1220 1829
Thysanocarpus sp 2 * 1098 1829
Thysanocarpus curvipes 1128 1829
Tidestromia oblongifolia ** 671 1280
Viguiera multiflora 1220 2287
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Vulpia octofiora 945 2012
Yucca baccata 1372 1982
Yucca brevifolia 1067 2134
Yucca schidigera 945 1524
Yucca sp. 4 * 610 2134
Yucca whippeli +++ 610 1372
APPENDIX E
A complete list of species and their modern elevation ranges 
used in the Southern Study Area packrat midden analysis
LEGEND
+ = elevation range according to Spaulding (1995 a)
+L = low elevation range is according to Spaulding (1995 a)
+H = high elevation range is according to Spaulding (1995 a)
++ = elevation range according to DeDecker (1984)
++L = low elevation range according to DeDecker (1984)
++H = high elevation range according to DeDecker (1984)
+++ = elevation range according to Benson and Darrow (1985)
++++ = elevation range according to Thorn etal. (1981)
! = introduced species
!! = includes introduced species within genus group
(4) * = number of species and or subspecies included within genus elevation range 
** = indicates only species for that genus listed and may be used as genus range 
*** = elevation range is a combination of Artemesia bigelovii, A. nova and A. tridentata 







Species name Low High
Abies concolor 1850 2250
Acacia greggii 0 1850
Acer glabrum ++ 1730 2300
Agave utahensis 1050 1650
Agropyron sp * 1350 1700
Allionia incarnata ** 850 1430
Amaranthus sp 5 * 650 1700
Ambrosia dumosa 650 1200
Amelanchier utahensis 2ssp 1340 2070
Amphipappus fremontii 2ssp 750 1220
Amsinckia tessellata ** 900 1700
Arceuthobium divaricatum 1615 2260
Argemone sp 2 * 0 1590
Aristida sp 7 * 760 2000
Aristida adscensionis 760 1400
Artemisia nova 1300 2200
Artemisia bigelovii 1500 1850
Artemisia comb BNT*** 1300 2200
Artemisia ludoviciana 2 ssp 800 2300
Artemisia spinescens 1100 1280
Artemisia tridentata 1350 2150
Asclepias sp. 3 * 900 1900
Astragalus layneae 750 1225
Astragalus sp 14* 670 2000
Atriplex hymenelytra 670 1065
Atriplex canescens 800 1950
Atriplex confertifolia 1050 1350
Atriplex polycarpa 990 990
Atriplex sp. 5 * 670 1950
Bebbia juncea +L 100 1225
Boerhavia sp 4 * 910 1620
Bouteloua barbata 915 1650
Brickellia arguta +L 100 1400
Brickellia californica 1250 2000
Brickellia desertorum 1000 1770
Brickellia microphylla 1150 1850
Brickellia sp 9 * 730 2400
Bromus rigidus 1275 1950
Bromus rubens ++ 750 2150
Buddleja utahensis 975 1275
Calandria sp
Castilleja sp 2 * 0 1950
Ceanothus greggii 1760 1950
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Celtis reticulata 1030 1490
Ceratoides lanata 1025 1675
Cercocarpus intricatus 1400 3000
Cercocarpus ledifolius 1640 2140
Chaenactis sp 5 * 670 1550
Cheilanthes feei 1500 2000
Chorizanthe brevicornu 670 1530
Chorizanthe rigida 730 1040
Chorizanthe sp. 5 * 670 1700
Chrysothamnus nauseosus 2 ssp 1500 2300
Chrysothamnus sp 6 * 750 2300
Chrysothamnus teretifolius 1050 2050
Chrysothamnus viscidiflorus 1350 2300
Cirsium sp 2 * 975 2300
Coldenia canescens 1200 1500
Coleogyne ramosissima 1090 1650
Coryphantha vivipara 2 ssp. 975 1825
Cowania mexicana 1150 2100
Cryptantha angustifolia 670 1400
Cryptantha flavoculata 1700 2350
Cryptantha mohavensis
Cryptantha pterocarya 730 1700
Cryptantha racemosa 1000 1200
Cryptantha sp 17 * 600 2350
Cryptantha utahensis 975 1925
Curcurbita sp 2 * 0 1500
Cuscuta sp 2 * 0 1600
Psorothamnus fremontii 760 1250
Daleasp3 * 0 1760
Datura sp. 1 * 0 2130
Descurainia sp 3* 700 1675
Ditaxis lanceolata + 0 1000
Echinocactus polycephalus 0 1375
Echinocerus sp 3 * 975 2230
Encelia farinosa 800 1200
Encelia frutescens 800 1150
Encelia sp 4 * 800 1450
Encelia virginensis 1050 1450
Enneapogon desvauxii 1275 1825
Ephedra califomica 650 1200
Ephedra funerea 1000 1100
Ephedra nevadensis 1100 1675
Ephedra sp 5 * 650 2400
Ephedra torreyanna
Ephedra viridis 1200 2400
Haplopappus cuneata 1200 2200
Eriogonum fasciculatum 760 1530
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Eriogonum heermannii 4 ssp 910 3000
Eriogonum inflatum 0 1710
Eriogonum microthecum 1370 1950
Eriogonum sp. 27 * 0 2320
Eriogonum thomasii 0 1220
Eriogonum trichopes 0 1180
Erioneuron pulchellum 760 1675
Eriophylium sp 3 * 670 1670
Erodium texanum ** 820 820
Eschscholtzia minutiflora 0 1530
Eschscholtzia sp. * 0 1600
Eucnide urens 1000 1130
Euphorbia sp 1 * 915 2000
Ceritoides lanata 1025 1675
Fallugia paradoxa 1140 2220
Fendlereila utahensis 1670 3000
Ferocactus acanthodes 2 ssp 0 1525
Festuca sp 3 * 750 2025
Filago sp 1 * 750 1525
Forestiera neomexicana 1220 1800
Forsellesia nevadensis 1675 2150
Forsellisia pungens ++ 1975 1975
Galium sp. 9 * 850 2290
Gilia latifiora 760 760
Gilia latifolia 0 1100
Gilia sp 20 * 0 2200
Grayia spinosa 1100 1600
Gutierrezia microcephala 900 2000
Gutierrezia sarothrae 1250 2320
Haplopappus brickellioides 850 1160
Haplopappus cuneatus 1200 2200
Haplopappus larcifolius 1250 2000
Haplopappus linearifolus 850 2000
Haplopappus nanus 1615 1615
Hecastocleis shockleyi ++ 1030 1350
Hilaria jamesii 1250 1850
Hilaria rigida 730 1600
Hilaria sp 2 * 730 1850
Holodiscus microphyllus++ 1340 2320
Hymenoclea salsola 900 1550
Hyptis emoryi
Isomeris arborea ** 1225 1225
Juniperus californica 975 1525
Juniperus comb, o & c **** 975 2350
Juniperus osteosperma 1200 2350
Kallestromia sp 1 * 1600 1710
Krameria parvifolia 2 ssp 0 1940
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Langloisio setosissima 1060





Lepidium sp 4 * 760
Lepidospartum latisquamum 1700
Leptodactylon pungens 1220
Lessingia sp 1 * 1450
Linanthus sp 7 * 0
Linum sp 2 * 1220
Lomatium dasycarpum 
Lomatium mohavensis 
Lomatium sp 2 * 1050




Lycium sp 3 * 0
Machaeranthera tortifolia 670





Mentzelia sp. 16 sp * 640
Mirabilis bigelovii 870
Mirabilis multiflora 1000
Mirabilis sp 5 * 870
Mortonia utahensis 975
Muhlenbergia porteri 1035
Neolloidia johnsonii + 800
Nicotiana trigonophylla 880
Oenothera sp 6 * 0
Opuntia acanthocarpa 0
Opuntia basilaris 2 ssp 0
Opuntia bibelovia 























































Penstemon palmeri 850 1710
Penstemon sp 12 * 730 2380
Perityle emoryi 750 1400
Petalonyx thurberi 0 1100
Petrophytum caespitosum 1490 3000
Peucephyllum schottii 975 1225
Phacelia campanularia 0 1620
Phacelia crenulata 2 ssp. 0 1560
Phacelia sp. 21 * 0 1980
Physalis crassifolia 715 1675
Physalis sp 2 * 715 2140
Pinus monophylla 2 ssp 1200 2300
Plagiobothrys jonesii 950 1500
Plagiobothrys kingii/jonesii
Plagiobothrys sp 2 * 670 1500
Plantago insularis 0 1220
Plantago sp 3 * 0 1530
Pleurocoronis pluriseta 1000 1275
Prunus andersonii
Prunus fasciculata 1060 2190
Psorothamnus fremontii 760 1250
Purshia glandulosa
Cowania mexicana 1150 2100
Quercus turbinella
Rhus trilobata 1050 2150
Ribes velutinum 1340 2230
Salazaria mexicana 1000 1675
Salvia columbariae 0 1700
Salvia dorrii 0 1615
Salvia funerea
Salvia mohavensis 1160 1620
Salvia sp 5 * 0 2260
Sarcostemma hirtellum 750 850
Scopulophila rixfordii ++ 1220 1220
Scrophularia califomica
Senecio douglasii 750 1700
Sitanion hystrix 1220 1675
Sphaeralcea ambigua 2 ssp 0 1920
Sphaeralcea sp 3 * 0 1920
Stanleya pinnata 750 1650
Stephanomeria sp. 3 * 670 1675
Stipa arida 1125 1750
Stipa comb arida/speciosa ++++ 975 2150
Stipa sp 4 * 975 2350
Stipa speciosa 975 2150
Symphoricarpus longiflorus 1370 2320
Tetradymia axillaris 1160 1160
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Tetradymia canescens 2075 2300
Thamnosma montana 850 1620
Thysanocarpus curvipes 900 1950
Thysanocarpus sp 2 * 900 2150
Tidestromia oblongfolia 750 1200
Viguiera multiflora 1275 2000
Viguiera reticulata + 500 1500
Machaerantha tortifolia 670 1430
Yucca baccata 2 ssp 975 2230
Yucca brevifolia 1200 1675
Yucca schidigera 760 1675
Yucca sp 4 * 760 2230
Yucca whippeli +++ 610 1372
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